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1. INTRODUCTION 


The importance of polarization control is increasingly being recognized in the 
development of optical fiber gyroscopes. In Reference 1, Kintner presented a concise 
analysis of a very basic interferometric fiber optic gyroscope (IFOG) arrangement that 
demonstrates how the lack of perfect polarizers contributes to an error in the estimate of 
the Sagnac phase shift due to polarization. His design is an idealized design that does not 
include a model of any of the possible misalignments in the various optical fiber 
junctions involved. This simplification leads to a very simple model that allows him to 
derive a close form expression for the output intensity where the ideal gyro output and 
the error term due to imperfect polarizers are readily identifiable. Thus, he is able to 


estimate the most unfavorable error in the Sagnac phase shift due to polarization. 


In this paper we consider a more general and realistic design that includes a model of 
the misalignment errors at the various optical fiber junctions involved. It also includes a 
model of the integrated optics chips and depolarizers as well as a general model for the 
coil. We obtain a closed form expression for the output intensity that includes the effects 
of the light source coherence. From this expression the ideal gyro output can be deduced 
and an expression for the Sagnac phase shift error due to imperfect polarizers is derived. 


In Section 2 we obtain an expression for the output intensity of a general IFOG. The 
light source is assumed to be non-monocromatic with an arbitrary frequency distribution 
function belonging to L’(R). This result is expanded in Section 3 and expresses in terms 
of the four entries of the 2x2 complex matrix representing the Jones matrix of the 
clockwise loop and further, in terms of the parameters involved in the definition of each 
of the four entries of the clockwise Jones matrix for a generic IFOG with an even 
frequency distribution function. At this point the Sagnac phase shift error is derived in 
Section 3.1. In Sections 3.2, 3.3, and 3.4 we compute the output intensity for three 
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particular frequency distributions: a Gaussian distribution, a rectangular distribution, and 
a triangular distribution. The theory developed in these sections is illustrated with a 
simple example in Section 4 for the case of a rectangular frequency distribution. 


The effects of the light source coherence on the Sagnac error are demonstrated in 
Section 4.2 by varying the length of a particular section of PM-fiber. We show plots of 
the Sagnac error angle as a function of fiber length for five different models of the coil. 
Section 4.3 includes a short discussion on how one might model modulation effects. 


The Jones matrices of the components of a more general IFOG model are described 
in Section 5. The clockwise and counter clockwise loop matrices are defined in terms of 
products of the Jones matrices of the components involved. The complete computation of 
the clockwise loop matrix is carried out in Appendix A. The end result are the four arrays 
of 256 coefficients and four arrays of 256 sets of indices needed to define the four entries 
of the clockwise IFOG Jones matrix as defined by Equation 3.3. 


We wrote Matlab programs to compute the output intensities given by Equations 
3.14, 3.15, and 3.19 and to compute the Sagnac error given by Equation 3.13 for 
Gaussian, rectangular, and triangular frequency distribution functions. These programs 
are described in Appendix B where we include their listings. The plots in Figures 7, 8, 
and 9 were produced using these programs. 


2. OUTPUT INTENSITY 


Each component of the gyro has a matrix representation, it's Jones matrix 
(Reference 2). The clockwise loop of the gyro is represented by a matrix T which is 
obtained by multiplying the Jones matrices of all the components of the gyro in the 
proper order. The counter clockwise loop of the gyro is represented by the matrix 


T.=e'*-T’, where 7’ is the transpose of the clockwise loop matrix T and @ is the 
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Sagnac phase shift due to rotation. Since some of the optical components of the gyro are 


frequency dependent, the matrix T is also frequency dependent. The sum of the clockwise 
and counter-clockwise loop matrices is denoted by Q. Thus, Q(@) =7(@)+e'*T’ (a), 


where @ denotes the frequency dependence of the optical components of the gyro. 


We will consider an input of the form 


e(t) = Re [evo —O, eto = Re feaye "do 


—oo —oo 


ai. : ; 
where Re denotes the real part, a -| i is a two dimensional complex vector of norm 1; 
2 


that is, la, + la,’ =1. In the first part of our analysis, the frequency distribution function 
g can be any function in L’(R). Later we specialize g to be a step function, a tent 


function, or a Gaussian function of the form g(@) = —e* ‘°" that has been normalized 


so that | g(a)dwa=1. 


—oo 


Let O(t)= [Q@ag@e"da. Then, the output of the gyro is given by 


ReO(?). 
Theorem. 


(a) If the output intensity is given by J. = | ©" (t)O(t) dt , then 
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¢ = 2x |lQ@)al’ g*(@)da. 


(b) If the output intensity is given by /, = [Reowy ReO(t) dt and g is a real 


valued function, then 


I,=11,+x fRela"a” (wu ~ @, )Q(-u - @, a|g(u - 0, )g(—-u — @, du. 


Proof. 
Part (a) is based on the following identity satisfied by any function f € L’(R). 


fO=k | [F@e*oP*ds da. (2.1) 
which is simply the Fourier inversion formula. 


Substituting O(f) in the Integral defining /,. gives 


—oo| —oco —oo 


| 


| a Q'(@)g(a)e*” "do [2(s)ag(sye"” "as at . 
Combining the two inner integrals as a double integral gives 


a — i f [a2 @g@X5)a 2(s) edad dt . 
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Writing / as a triple integral and switching the order of integration gives 


I= faa’ wore) | focsyag(sye"-as a da. 


Applying the Identity 2.1 to the inner double integral (note that ¢ and @ are switched) 


gives 


=e | G Q'(@)g(@)Q(a@)ag(w)dw =22 fle@ar g (a@)do. 


Part (b) is based on the following identity satisfied by any function f:R—R 
belonging to L’(R). 


f@=+ f [ro cos(@—s)t ds dt. (22) 


—0oo —0oo 


Note that Equation 2.2 is simply the Fourier inversion formula for a real valued function 


f. 


First we compute ReO(f). 


ReO(t) = JRel21s)a]g(s)cos(s +@,)tds — fimla(s)a]g(s)sin(s + @, )t ds 


[Re@(t)]’ = fRetac@ay’ g(@)cos(a+@,)tda — fim(ac@)ay’ g(@) sin(o+ @,)t dw 
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I, = il | Re[Q(@)a]’ g(@)cos(@+ @, )t io} Re[Q(s)a]g(s)cos(s + @, )t | dt + 


- i fRetac@ay’ g(@)cos(@+ @, )t dw of | [Im[Q(s)a]g(s)sin(s + @,)t | dt + 


= i fimiacayay g(@)sin(@+ @, )t io} | [Re[Q(s)a]g(s)cos(s + @,)t a) dt + 


i | Im[Q(@)a]’ g(@)sin(@+ @, )t io) | [Im[Q(s)a]g(s)sin(s + @,)t | at . 


If we write the above integrals as a triple integral and integrate with respect to f first, 
the second and third integrals vanish because cos(@+@,)tsin(s+@,)t and 


sin(@ + @, )t cos(s + @, )t are odd functions of t. Thus, we are left with the first and fourth 


integrals which we write as 


- | Re[Q(a)a] 0 | | JReIA(s)aIg(s)cos(w+ Q, )t cos(s + @, )t isa da + 


co -cOo 


J Im[Q(@)a] "2(o) | | fim[2(s)a]g(s)sin(w +o, \t sin(s + @, )t deat do. 


The identities cos(@+ @, )t cos(s + @, )t = +[cos(@— s)t + cos(@+ s+ 2@,)t] and 


sin(@ + @, )t sin(s + @, )t = >[cos(@—s)t —cos(@+s+2@,)t] yield 


=4] Re[Q(a)a] "(0 | | [Re[2(s)a]g(s)cos(w- s)t deat dw + 


1 | [Reta 0) | | JRe{2(s)alg(s)cos(o+ 20, + s)t deat daw + 


+ fima@ay’ 2(Q@) f fim{2(s)aIe(s)cos(w- s)t isa da + 


—1 fimrac w)a) Ko} f fim{2(s)ag(s)cos(w +2@, +s)t ds a do. 
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The Identity 2.2 gives 


i= n [Re[Q(w)ay Re[Q(@)a]z*(@) dw + fim[Q(@)ay Im[Q(@)a]g’(@) dw + 


N [Retac@ay Re[Q(-—@ — 2a, )a]g(@)g(-—a@-—2@,) da + 


—oo 


—2 fimiacay" Im[Q(—@ — 2@, )alg(@)g(-—w@-20,) da. 


—co 


The identities ||al’ = a’a = Rea’ -Rea+Ima’ -Ima and 
Re[a’c]= Rea’ -Rec—Ima’ -Imc, which hold for any two complex vectors a and c, 


yield 


1,=2 fle@ar g’(w)dwa+n fRela’2" (@)Q-o ~20,)a|e(@)g(-@ — 20, da, 


—oo —co 


or 


Ip =I - + 2 [Rela7Q" (u — 7, )Q(-u — 0, )a|g(u - @,) g(-u - @, du, 


—co 


where in the last integral we have made the change of variables u=@+@,. 


Corollary. If g is zero outside an interval [-@,,@,] and @,<@,, then the product 
g(u—@,)g(—u—@,)=0 for all we R, consequently, 


Tp 


11, = 2 [|Q(@)al’ g*(@)do. (2.3) 


Proof. If g is zero outside the interval [—@,,@,], then g(u—q@,) can be non zero only 
when @,-@,SuS@,+@, and g(-u-@,) can be non zero only when 
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—-@,-@,<uS@,-@,. Since these two sets do not intersect, because 
@,-@,<0<@,-@,, the product g(u—@,)g(—u—@)) is zero forall we R. 


3. OUTPUT INTENSITY IN TERMS OF THE MATRIX T AND IN TERMS OF 
THE PARAMETERS DEFINING THE IFOG 


In this section we obtain a closed form expression for the output intensity of the gyro 
in terms of the four entries of the complex 2x2 matrix 7 and in terms of the parameters 


involved in the four entries of the matrix 7 for three types of function g: a step function, 


a tent function, and a Gaussian function. 


Part (a) of Theorem 1 holds for any function ge L’(R) while part (b) of Theorem 1 
holds for any real valued function ge I’(R). When g is a step or a tent function, 


Corollary 1 will apply and the output intensity will be given by Equation 2.3. When g is 
the Gaussian function defined in Section 2, g(u—@,)g(-—u-—@,)= 2(v2,)e(V2u) for 


all we R,so we can write J, as 


1,= flie@ar g?(a@)dw+ng(V2o,) fRela’a” (u—@, )Q(-u — @, )a|g(V2u)du . 


Since @,/o is a very large number, 2(V2o,) is a very small number, thus the second 


integral above can be neglected. Therefore, by Equation 2.3, in all three cases it will 
suffice to compute J... 


We start by defining expressions for the four entries of T and compute | Qa]. 


10 
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T, Ty 
If we write Tas T = , then 
Ty, Ty 


Qa=[T+e*T’ ]a= fr +e"T, T, mg Me +e*T,,)a, + (7,2 al 


T;, ae T,, + i a, (7, +e*T,, a, +(T, + oT )a, 


(3.1) 


Hence, 


|Q(@)al’ = a Q°(@)Q(@)a = 
2la,|(1+cos¢)I7,| + 2la,|(+cos¢)|7;,/ + |Z./ + \Z,/ + 
2\a,|’ Re[T;,7,.e°] + 2la,|° Re[7,,T,,e%] + 
2Refa,a,[T,T, + Tye*T,]} + 2Reja,a,le"T.T,, + TT, ]} + 
2Rela,a,[Ti9T,, + 0 TT, }} + 2Re{a,a,[T,,e°T,, + TTI}. (3.2) 


Each [, is a sum of 2” terms, where N is the number of rotations (miss-alignments) 


in the fiber splicings. They have the form (see Section 4) 


T,(@) = xc, (s)expi@ Y'n,t,/c). (3.3) 


s=l reA;(s) 


Thus, the factor laca)al’ in Theorem 1 involves thousands of terms if N 24. Each C, 
is a 2” -array of coefficients and each A,(s) is set of indices, ( s = 1, 2, ...., ia o— 
1,2). Let £,(s) be given by 
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8,(s)= + me, fé, for s= 12,2" mdi j= 12 (3.4) 


reA,;(s) 


QN 
and let 7, (@) = > Cine ” and 4a, = la,a,|e"*. Then, 


p=l 


a - — — 
a,a,e"*T, (@)T,,(@) =|a,a,| >. YC, (s)C,,(p)e'*** [Bw (P)-By (810) 


s=l p=! 


Rela,a,e*"T, (@)T,,(@)|=|a,,|5° YC, (s)C,,(p)cos{at 9 +[B,,(p) — B,(s)1o} 


s=l p=l 


and 

7, (@)|" = Xs (s)C,(p)cos[ B,(p)— B,(s)]a. 
Thus, 

J Tr, (@ ¢*(@) do = rye, (IC) [e*(@) cos{[B,(p)— 8,(s)]a} dw (3.5) 
and 


[Rela, a,e*"*T, (@)T,, (o)|¢? (w) dw= 


— oo 


12 
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laa,|° °C, (s)C,,(p) [g?(@)cos{at9+[B,,(p)— B,(s)]o} dw, (3.6) 


s=l p=l 


where g in Equations 3.5 and 3.6 can be any function in L’. 


Since 


cos{ato+[B.,,(p)— ,(s)]o@} = 
cos(a + ¢)cos[B,,(p) — 8, (s)]a—sin(a + ¢)sin[Z,,(p) — 6, (s)lo, 


when the function g is an even function Equation 3.6 simplifies to 


[Relaa,e7, ()T,(@)|e?(@) do = 


hal ad °° 
a,2,|cos(at o) °C, (S)C,,(p) [g?(@)cos[B,,(p)— B,(s)lo do, (3.7) 


s=1 p=l 


which implies that when g is even 


JRela, a,e**T, (w)T.,, (@)\g?(@) dw = |a,a,|cos(at 9) frelf, (@)T,(@)|e?(@) dw. (3.8) 


We can now put together Part (a) of Theorem 1 with Equations 3.2 and 3.8 to obtain 
an expression for the output intensity in terms of | Rel, (@)T.,,(a)|e?(@) da, for i, j, u, 


v = 1 or 2 when the function g is an even function. 


13 


NAWCWD TP 8592 


I, =2% fle@a g’(@) dw= 
2x{ 2a| (1+cos¢) fr g’daw + 2Ia,| (1+cos¢) fr. gd + 
Ire a0 + Infs*ao + 2eos¢ [Re[TyT,]g*do + 
2|a,a,|[cosa + cos(a@ + ¢)] [ReG7,)g"ao + 
2\a,a,|[cos@ + cos(ar— ¢)] [ReG,7,)g°do + 


2|a,a,|[cosa + cos(a—$)] [Re(T,,T,,)g*da + 


2\a,a,|[cosa@ + cos(a + ¢)] [ReG.7, \e*dw }-. 


More explicitly, in terms of the integrals 
[g?(@) cos[B,(s)- B,,(p)]@ da, (3.9) 
when the function g is an even function using Equations 3.5 and 3.7 we get, 


I. =2n fle@ar g?(@) dw = 


22> { 2a,[’+cosg)C,,(s)C,,(p) [g?(@)cos[B,,(p)— B,(s)]o dw + 


s=l p=l 
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2\a,|" (1+ cos $)C;,(s)C,,(p) [g?(@) cos[B,,(p)—- B,»(s)]@ da + 


Cx(s)C,2(p) [g*(@)cos[B,,(p) - B,,(s)]o dw + 


C,,(s)C,,(p) |g’) cos[§,,(p) — B,,(s)]a da + 


2cos @C,,(s)C;,(p) [g?(@)cos[B,.(p)— B,,(s)]o d@ + 


2\a,a,|[cosar + cos(@ + 9)|C,,(5)C,,(p) [e2@) cos[f,,(p)— £,,(s)]@ad@ + 


2\a,a,|[cosa@ + cos(@—9)|C,,(s)C,,(p) [s’(@) cos[f,,(p)— 8,,(s)]ad@ + 


2|a,a,|[cosar + cos(@ — 9)|C,,(s)C,,(p) [e2@) cos[f,,(p) — B,,(s)]a dw + 


—oo 


2|a,a,|[cosa + cos(@ + 9)IC,,(s)C,(p) [g*(@) cos[B,(p)— B,,(s)]o da }. 


(3.10) 


3.1. THE SAGNAC PHASE SHIFT ERROR 


In this Section we derive the Sagnac phase shift error due to polarization. Let /,(@) 


denote the output intensity of the gyro with perfect polarizers (attenuating coefficient € = 
0) as a function of the Sagnac phase shift ¢ and let 7,(@) denote the output intensity of 


the gyro with imperfect polarizers (€ >0). When the polarizers are perfect, 7, =0, 
T,, =0, and 7,, =0 (see the examples in Sections 4 and 5). Thus, 


I,(9) = 42 |a| (1+cos¢) ftir stde. 


15 
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Since 1,(—7/2) = 42 |al’ [IT,{ g’d@, we can write I,(9) as 


L,(@) = 1,(-2/2) (1+ cos¢). (3.11) 


The difference between /,(@) and J,(@) is the error induced by having an imperfect 
polarizer. This error induces an error in the estimate of the Sagnac phase shift @ that we 
will call @, . It can be calculated by comparing /,(—2/2) with J,(—7/2+@,). The idea 
is that there is a rotation angle ¢, such that 


I,(-2/2) = 1,(-#/2+¢,). (3.12) 


By Equation 3.11, 1,(—7/2+9,) = I,(—#/2) [1+cos(—7/2+@,)]. Substituting in 
Equation 3.12 and solving for ¢. we get, 


[,(-a/2) = I,(—#/2) [1+ cos(—7/2 + ¢,)] 
[,(—a/2) [1+ cos(z/2)cos¢, + sin(7/2)sin@, ] 
[,(—#/2) [1+sing, ] 


(3.13) 


> ¢,= sin ED ~ } 


I (-2/2) 


16 
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3.2. GAUSSIAN FUNCTION g 


According to Equation 3.10, all we need to obtain the intensity 7. for an even 


function g are the integrals | gz’ (w)cos| B,(s)— B,,(p)|oa do. 


—oo 


When the function g is the Gaussian function defined in Section 2, which is an even 


function, we use the following identity (Reference 3). 


| ere cos[ p(x+ A)|dx = qvne? 74 cos pa, 


—oo 


from which we get, 


|g’ (@) cos[ Gi, (s) = B.,(p)|@ do = 


[207 /0? {Bi (8)-Byy (Pp) a? /8 
ay Jere" cos B,(s)— 8, (po do = ree | 


thus, by Equation 3.10 


.=20 [l2c@al’ 2’(@) da= 


17 
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"5 
a ae | 2\a, me ca cosg)C, ,(s)C,, (per Furr o” tp 


2la,| (1 + cos @)Cy, (s)Cy_ (pe 2A 7/8 4 

CAA pe Bi2(s)-Bi2 (PY 0° iar 

a) ae p)e thn ()-Ba (p)Po7/8 4 

2cosPC,,(s)C,,(p)e 2 Faler or 8 4 
2\a,a,|[cosa@ + cos(a + )]C,,(s)C, (p)e 2 (py or 18 4 
2\a,a,|[cosa + cos(a@ — P)]C,,(s)C,,(p)e 2 Fu (p)Po? /8 
2\a,a,|[cosa@ + cos(a — $)]C,,(s)C,, (pe 42 (p)Po7 /8 
2\a,a,|[cosa + cos(@ + $)]C,,(s)C,,(p)e 42 Fe (p)}’ 7/8 4 


(3.14) 


3.3. STEP FUNCTION g 


In this Section we let the frequency distribution function be a step function g,. Let 
g, be defined as 


a iat la< a, 


with 0<@,<@,. 
0 otherwise 


eso) { 


Since g, iS an even function, we only need _ the _ integrals 


| g(a) cos[ B,(s)— B,,(p)\@ dw. We use the following result. 


[gs°@) cos fix dx = = Joos A dx - _| sinha, 
a 40; 20, fo 
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from which we get, 


J g (w)cos[B,(s)— B,,(p)]a da = 


a | Joos(6, (s)- B. (py do = Sil Ay(9)— BP), 
a 


2a, [B,(s)-B,(p)la © 
thus, by Equation 3.10 


dja,| ( Ci (8)C,, sinh, (s)— Ai (P)lo, 
- rye? a aac [4,,(s) - f, (pla, 


la,|" (1 C,,(s)Cy, sin[B,,(s)— B(P)lo , 
“ si anita [B,.(s)- 8 (pla, 
Ca Cs sin[ f,,(s)— 8, (p)1@, a. 

ili [4,.(s)- B.2(p)lo, 
©. (Cp) SitlBuls)= Bu PIO, , 

(s)C;,(p) B.(s)-B, (plo 


2 C,,(s)Co, sin[f,,(s)— B, (PIO 
thie [B,.(s)— 8, (p)la, 


2\a,a,|[cosa + cos(a + )]C,,(s)C,,( aire’ x 


2\a,a,|[cosa + cos(ar— ¢)]C,,(s)C,,( pr AAP Patel 5 


2\a,a,|[cosa@ + cos(a@ — P)|C,,(s)C,,( cay ire irre 4 


2\a,a,|[cosar + cos(@ + @)|C,,(s)C,,( ae ae ng \. 


(3.15) 
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3.4. TENT FUNCTION g 


The analysis above can be carried out when the function g is a “tent” function g, 


defined as 


0 for |x|>a, 


l l 
x)=—<1l+—x for -a,<x<90 
g,(x) o, ao te ;>* 


— for 0Sx<@, 
l 


Since g, is even, we only need I g’(@)cos[ B, (s)— £,,(p)|a daw. We will use the 


next three formulas: 


Jt-c0s fe i =F sin fi 


fx cos fx dx =r 00s A+ xsi fi 
[x -cos Ax dx =—— sin fe+—-xc0s e+ x? sin Ax . 
B B B 


From the definition of g, we have 
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0 for x] > Q, 


| | 
g, (x)=—41+—x+-—5x’ for a,<5xs0 
‘ a| OB @ 


2 l 
l-—-x+—~x for 0Sxs@ 
Oo @ 


When £ #0 


2 2 2 l 
g, (x) cos Ax dx =— |(l-—x+—x’)cos fk dx = 
J . O ; i O @ 


Q, 


2x x 2 22x 
- a oF ar n+ | at a ose 


- 21-84 | (3.16) 
fo, Ba, 


If 6 =0, then 


—oco 


fer?) de= = fo -s +a) 2) de = 


Let Z,,, ={(s,p): B,(p)— B,,(s) =0 f and define 


Z 
— )C,(s)C,,(p)+ 
3Q, ( (s,pyEZ,, 
4 
@, 


Ai aw 


C,(s)C,.(P) c _ sin{a[B,(p)- B,,(s)]} 


——_ tn (3.18) 
(s,pyeZ,,4 Ly (P) — By (ST (Ss, P) o[ 8; (p)— B,,(s)] 


21 


NAWCWD TP 8592 


Note that A, ,, = fRelZ, (@)T., (@)|e2(@) dw by Equations 3.7, 3.16, and 3.17. 


Then, by Equations 3.10, 3.16, 3.17, and the definition of No oy 


I, = 2n{ 2Ja| (+cos@)A,,,, + 2Ja,/ (1+ cosP)Ay, 9. + Aqgig + Aca + 
2cos@A,, >, + 2\a,a,|[cosa + cos(av+)]A,, ,, + 
2\a,a,|[cosar + cos(@— @)JA,,,, + 2\a,a,|[cosa@ +cos(@—@)JA,, 5, + 
2\a,a,|[cosat+cos(@+)]JA,,, f. (3.19) 


4. AN ELEMENTARY IFOG MODEL 


As a first example we consider the simplest possible gyroscope. It consists of an 
integrated optics chip (IOC) connected to a length of polarization maintaining (PM) fiber 
at a 45° angle. The PM fiber is connected to a coil of single mode (SM) fiber which is 
then connected back to the IOC. 


4.1. THE MODEL, OUTPUT INTENSITY, AND SAGNAC ERROR 


The IOC is modeled by the Jones matrix 
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elks!s 0 . 
M = al 0 eeltes |? with k, =2n, and k, =2n,. 


The PM fiber of length /; and the 45° angle connection are modeled, respectively, by the 


Jones matrices 


ikgl 
9's 0 l l 
a 1 elkiols | mats k, = Ny ’ Ky = eM ™ and i al ~ | } 


0 /2 
The coil of SM fiber will be modeled by the matrix 


iT} 


te™ tue 
c=} RE | with 7, =2n,1, = k,l, 
t,, e722! t¢°* 


The clockwise loop matrix 7 is modeled by the product of the corresponding Jones 


matrices. 


ikl it it ikgl ikel 
5*3 0 t i t 12 95 0 ] l 5/3 0 
T(@)=—= ° kel - or , ik yo! . ep. 1° 
6 [9 0 Ee! 6/3 i.e" te 0 e 10's —} | 0 Ee’ 6/3 


The product of the first three matrices is 
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iksl; iT}, iT) ikgls I(T, +ksl, +Kgls ) (Typ tks ly +kiols) 
e 0 ie te e 0 _| fe bt 


el ie fF. ik yo! i(T>, tkel, +kol (for tkhele thiol 
iK 6, t,,e' 21 te 22 0 el 0's os 21 +Kol; +Kols ) ete" 27 thels +kiols) 


QO €e 


Notice that the diagonal matrices modeling the IOC and the PM fiber do not increase 
the number of terms in the resulting matrix, they contribute to the number of terms in the 
complex exponential. However, a rotation in general will double the number of terms in 


the resulting matrix as can be seen next with the 45° rotation. This explains why, if the 


coil is modeled by a full Jones matrix, each 7, is a sum of 2” terms, where N is the 


number of rotations (missalignmets) in the fiber splicings along the clockwise loop. 


tert +kgls) te f2*s's +kiols) ] | 
Et, ol(Ta1 thal +h) Et, olla +kelytkiols) |] _ 7 ] - 


te —e 


i(t, +kgl,+kols) ” i(T2 +kel, +kiols) i(T, +kel, +kols) i(Tz +kel, +Kiols) . 
E[t,,e°” tne ] €lty,e F tne ] 


Finally, multiplying by the matrix modeling the IOC gives 


T(@) = se 


I(T, +2ksl, +kols) — f elt +2k.l, +kiols) I(T, +ksl, +kely +kols i(T +kol,+kgl, *hiels)) 
12 


+te 


i(T, +2kgl, +Kols 


é[t,,e 
é* [te 


[,e 


i(T>, thgl, +kel, thols ) i( Toy thel, tkely thiols ) i( Top + 2k ely tkyols ) 
E[t,,e 21 F%5°3 TGFs FOS —f 22 THS553 TREE wall 22 6'3 we 


) 


(4.1) 


Thus, for the simple configuration of this example we have 
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T,,(®) a2 ne afr 12° ; 
eae i(T,, +kel, tkel, +kols ) I(T > tks l, thel, +kyols ) 
T,(@) = =E[t,,e ESAS FCs Tees Fie 2 Fs'9 ers i iall 
in i(T2, +ksly+kely+kgls) I(T 27 +kol, +kel, +kiols ) 
T,, (@) => =E[t,,e 5/3 +Kols +Kols te 22 tKsly +k els +Kigls i. 


T. (@) “oe =, e? ie +kgls) i‘. t,,e'\*2 +2kl; +hiols)) ' 


and the C;(s) and §,(s) for s=1,2 representing the coefficients and the phases in the 


expressions for 7;,(@) (see Equations 3.3 and 3.4) are 


Ci) =s5t,, C,,(2)=—set,, 
CiM=seet,, C,(2)=seet,, 
Cy(=seet,,  Cy(2)=-sret,, 
CL()=aee'ty, Cy(2)=see' ty, 


@ B (1) =%,, + 2k l, + kel,» @ B, (2) = 7,. + 2k; + Kol, » 
@ B,,(1) = T, + sl + kel, + hols , @ B,,(2) = T. + kel; + kel + Kiolss 
® B,,(1) = Tq, + kel, + kel, +kols, OB,,(2) = To + kel, + kgly + Kil; 
@ B.,(1) = T., + 2k, + kl; , @ B,.(2) = Ty + Bgl, + Kaol . 


Since we only wish to keep terms of first order in € or lower, any term in the 
expression for |Q(@)al’ involving 7,, or products involving 7,, and/or T7,, twice will be 


ignored. Thus, Equation 3.2 leads to the simpler expression 


Pde 
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|Q(@)al|’ = 2a,|’(1+cosg)7,,|’ + 2Re{a,al7,,7,, + Tre*T,]} + 
2Reja,a,[e"T,,T, > T,,T,,)} 


When the frequency distribution g of the input is a step function, the results of 


Section 3 give 


I, = fl2@al’ 2g’ (@)dw = 


4 


ee ‘h 2 21 C,,(s)C,, sin{ §,,(s) — 8,,(p)]a, Zz 
gay, yy | % 20 COSI Te OB Coy 


2)a,a,\(1 C..(s)C,, sin[f,,(s)— B2(P)la , 
la,a,|(1 + cos)C,,(s)C,,(p) or tote 


2laa,\(1 C.(s)C,,(p) Su —AalPIM 4 (42 
aml + cou P Te pcp 2) 


where we have assumed that both a, and a, are real, thus a=0. 


Next, we compute some of the differences @,[,(s)— 8,(p)] (s, p =1, 2). 


a[B,,(1) — 8,,(2)] =, — 72 —As/;, where A, =k, —k, 


a,[ B,,0) - £0) =—A,/,, where A, =k, —k, 
a B,,(1) = B,,(2)] =, —T. —A,/, — AJ; 
a[f,,(2) - B,,(1)] =T. —T, —A,l, + Add, 
olf, {(2) - B,,(2)] =—A,|, 


OLB) — 2,0)) = %1 — T, — Ay) 
O[B,,(1) — 8,,(2)] = 7%, — T22 — Agl; — Asls 
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olf, (2) - B,,(1)] = 71. — 7) — A,J, + A.I, 
o,[ B,,(2) — B,,(2)]= Ti. — T — A,l, . 


sin x ‘ ; 
Let sinc x =—— and note that sinc x = sinc (— x). Equation 4.2 gives the output 
x 


intensity as a function of the Sagnac phase shift @ for any value of the attenuating 
coefficient € ; let it be denoted by /,(¢) 


1a ’ 
[.(P)= loa + cos @) { a; ta ¥ i — 2t,,,, sinc(A,/, + 7,, —7,,)]+ 


la,a, le [(t;, —t;,) sinc A,/, + 

t,,t,,(sinc(A,/, + A,/; +7,, —7,,) —sinc(A,/, —A,/; +7,, —7,2)) + 

t, to, sinc(A,f, + T., —7,,) —f ta, sinc(A,/, + A,/, + 7.. —7,,) + 

— tot, sinc(A,/, — Ag/, + T,, — 7%) + hat, Sinc(A,/, +7, —7,,)]_ }. (4.3) 


To simplify the notation, define A and B as 


ghee 4 92 
Aza, [f, +h, — 2tjf, sinc(A,/; + 7,, —7,,)], 


B= la,a, le [(¢), —t7,) sinc A,/, + 
t, it,,(sine (A,/; + A,/, + 7,. —7,,) —sinc(A,/, —A,/, +7,, — T,>)) + 
t,,f,, sinc(A,/, + T,, —T,)—4,f2, sinc(A,/, + A,/, + 7. —7,,) + 
—t,t,, sinc(A,/, —A,/, + 7,, — 7.) +t,2f,. sinc(A,/, + T,, —T,,)] 


so that we can write I,(¢) = a” +cosd)[ A+B ]and 1,(9) = ——t +cos¢) A. 


6a, 


The Sagnac phase shift error due to polarization is given by Equation 3.13 
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~. = sin (LED = sin™'(B/ A) = sin ( 266) (4.4) 
[,(-1/2) I,(9,) 


4.2. THE INTENSITY AS A FUNCTION OF /,; THE OUTPUT COHERENCE 


Next, we analyze the error in Equation 4.3, the difference between /,(¢) and I (@) 
as a function of /,. 


E=1,(9)-1,(9) = Team 10808 


The limit of E as /; — ce is 


iim E= aa* + COSQ) a,a,€é [(t, —ty) sincA,/, + t,,t,, sinc(A,/, + T,, —7,,)+ 


tt. sinc(A,/, +7,,. —7,,)]. 
Assuming 7,, =7,, and 7,, =T,,, this limit is zero provided 
_— 
ty Ae tht thot =O. (4.5) 


If we assume that the 7, values represent a rotation through an angle @, so that 
t,=cos@, ¢,=sin@, ¢t,,=—sin@, and t¢,,=cos@, then Equation 4.5 implies 
cos’ @—sin’@=0, forcing 0 =+45°, +135°,+225°,or +315’. If @=45° or —135’, the 
error £ is zero and hence ¢ =0. If @=—45° or 135’, then Equation 4.8 is satisfied and 
the ¢, values are, respectively, (t,,4,t,t.) = (+.-+ +, +) and 
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(-35,45,-35>—7)- The error angle ¢, as a function of /, for these two sets of values 


of ¢, is the same and is shown in Figure 1. 


Examples of other sets of ¢, values satisfying Equation 4.5 that are not rotations 
include the following: (¢,,,4,,t,,,4.)=ta@-(,-1,1,1) for any real value @, which 
generalize the previous sets of solutions. Note that these are not rotations unless @ = +. 
The sets of values (1,0,-—1,1) and (1, 45, 0, 1) also satisfy Equation 4.5. The error 
angles ¢, as a function of /; for these sets of values of ¢, are shown in Figures 2, 3, and 
4. Figure 5 shows the error angle as a function of /, for a rotation through an angle of 2 


radians. Note that the error does not converge to zero as 1; 4 0, 


Whenever Equation 4.5 is satisfied with 7,, =7,, and 7,, =T,,, the error becomes 


E= {Z-(1+cosg) aa,e[ t,t,,(sinc(A,/, + Ad; + 7, — 7,,) —sine(A,/, — As/; + 7,, — Z)) 
—t,,t, sinc(A,/, + A./, +7. —7,,;) —tpf,, sinc(A,/, —A,/, + 7,; —T2)] 


-1. 
300 60 60 -40 9 -20 0 20 40 60 80 100 


FIGURE 1. (6, t), t,t) =+(%.-> > 7)» — 45° and 135° Rotations. 
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-1 
S00 60 60 -40 -20 0 20 40 60 80 100 


FIGURE 2. (¢,,,4,,, t,t) =+ (1, 0, -1, 1), not a Rotation. 


400.80. 0 4020 0 2 40 #6 #80 100 


FIGURE 3. (¢,,, 135 tt) = + (1, 425, 0, 1), not a Rotation. 
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-3 


-4 
300.80. 60 40 20 0 2 40. 60 60 100 


FIGURE 4. (¢,,5t55 to15t) = + (1, =, 0, 1), not a Rotation. 


FIGURE 5. (¢,,, 42, 41, 4.) = £(cos 2, sin 2, —sin 2, cos 2). 
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4.3. MODULATION 


To model the effects of modulation rewrite Equation 4.3 as 
I,(¢) = ——(A+ B)+——(A+ B) cos¢. 
16a, 16a, 


We then replace cos¢@ by cos(@—¢, sin@,t) and expand. 


cos(¢—¢,sin@,t) = cosPcos(P, sinw,t)+sin dsin(¢, sin @,t) 


= cos 4. (9,)+ 257 J3,(9,) cost 2) + sin #25 J 3441(9, )sin(2k + Do, 


If we replace cos¢ by cos(¢@—¢, sin@,t) in the expression for /,(9) , the only term with 
frequency @,t is the one with J, , therefore the demodulated and filtered intensity will be 


1,(9) = —J,(9, (4+ B)sing , or 
80, 


1/4 - ; 
I,(@)= in (9, )sin p- { a; [ti +h, — 21,4. sinc(A,/, + 7,, —7,,)]+ 


a,a,é [(t), —t;,) sincA,/, + 

t,t, (sine (A,/, + A./; +7, —7,,) —sine(A,/, —A./, + 7,, — T,>)) + 

if, ane A. +7, —7,,)—t ft, site(A., +Ad, +f» ~F,,) + 
—tt,, snc(A,), —A,/, + T,, —7,.) +40. sinc(A,!/, + t,, —7,,)] 2 


32 


NAWCWD TP 8592 


To obtain an expression for the rotation angle error ¢. when the output of the gyro is 


demodulated and filtered, write J,(¢) as I,(¢)= a" (9, [A+B]sing and 


AP = rede )Asing. 


If we set 1,() = 1,(@+@,) and solve for ¢, we get 


* yg ax ming = Aree ana) 
8a, sf 8Q, ‘ 


a sing-[A+B] = [singcos¢, + cos¢sin@g,] A 


?.=0 => sing-[A+B] = [sing+sing, cos¢] A 


=> g=sin™ ca PO for all ¢ such that cos@ #0. 
Acosg) Acos@ 


In particular, if ¢ = 45° then ¢, =sin™'(B/ A) = sir ( Ede 7 } as in Equation 4.4. 


oO 


5. A MORE GENERAL IFOG MODEL 


Our second example is a more general gyroscope. The clockwise loop in the second 
example consists of an IOC connected to a length /, of PM fiber at an angle @, which 


represents a miss-alignment and is therefore nominally small, however, in our analysis 


and simulation it can have any value. The PM fiber is connected to a second IOC at an 
angle @, representing a miss-alignment but may have arbitrary value. The second IOC is 
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connected to a length /, of PM fiber at an angle @, representing a miss-alignment of a 
zero or a 90 degree splicing. This PM fiber is connected to a length /, of PM fiber at a 45 
degree angle plus an error angle £, representing a miss-alignment. The PM fiber is 
connected to the coil which is then connected to a length /, of PM fiber that is connected 
at a (45° + B,) angle to a length /, of PM fiber. The last piece of fiber is connected to the 
second IOC at an angle @, representing a miss-alignment of a zero or a 90 degree 
splicing. The path returns back from the second IOC to the first IOC through the same 
forward path connections. The clockwise loop is depicted symbolically in Figure 6. 


CHIP -1]<> [0° + a@,] © [PMF(k, 4,/,)] @ [0° + @,] [ CHIP -2]0 
Ky, Kesh; ke Rests 
E E> ~ 


ks,k6,l5 


4>[ CHIP-2]<>[0° or 90° +@,]<> [PMF(k78,/,)]} [45° + B,] © [PMF (ko 19,/5)] 
COIL 
| &  |e[0°or 90° +a] O[PMF(ky3,ky45/7)] O145° + B,] O[PMF (Ky, 425/61 


FIGURE 6. Interferometric Fiber Optic Gyroscope. 


5.1. THE JONES MATRICES OF THE COMPONENTS 


The Jones matrices of the gyro components are as follows. The forward path of the 
two IOCs have Jones matrices M, and M2 given by 


2 oT) 0] [em 0]. i eit 0 — lth TI 0 
© ¥2{0 e}[ 0 eM] V2, 0 eet] V2[0 gem 
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and 
oe oe. \e Pi. tie” 8 |e 0 
2 V2 0 é, oikels J2 0 é, olkels af 0 ee , 


where k, =n, for all s and n, is the index of refraction along the respective path. The 


return path of the IOCs have Jones matrices M;, and M2, given by 


M.. = Lji1 Ole O}_ Tle nn ee 0 
© J2|0 «|| 0 ef 2} 0 eet] 210 eet 


and 


- - 1 l 0 elks!s 0 7 1 eiks!s 0 7 eiks!s ] 0 
2c a) 0 E, 0 eikels 2 0 eee JD 0 neers - 


The lengths of PM fiber have Jones matrices U), U2, ... , Us given by 


ik, ,l ikyal 
e ii's 0 e137 ) 
=| = us=| A 
) e 12'6 0 e147 


Py 0 | 
These matrices can be written in the form U = e“™ ; va ; and the factor e” can be 
e 


ignored when computing the output intensity. 
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The rotations are represented by Rj, Ro, ... , Re, where 


cosa, sind, cosa, sind, 
Ri = R2 = 
b . ’ 
—sina@, cosa, 


—sing@, cosa, 


cosa, —- eee cosa, 
or : 


—sina@, cosa, —cosa@, —sind, 
a rotation through and angle (0° + @,) or (90°+ @,). 


_| cos(45°+ 8) sin(45° + B) _ cos(45°+8,) sin(45° + Z,) 
—sin(45°+B,) cos(45°+ 8) |’ —sin(45°+B,) cos(45° + B,) |’ 


and 


cosa, sind, —sing@, cosa, 
= ' or , 
—sina@, cosa, —cosa@, —sing, |’ 


a rotation through and angle (0° + @,) or (90°+ @, ). 


We use a general 2x2 complex matrix A for the Jones matrix of the coil, 
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5.2. THE CLOCKWISE AND COUNTER-CLOCKWISE LOOPS 
Let C; = R2-U;-Ri, Cy = U3-Ry4-U2-R3, and C3 = Re-Us-Rs- Us. Then, the 
clockwise-path is given by 


T = [(-i)-My' + Cy": (-i)- Moe" [C3- A: Cz] - [Mo Cy-Mi] = - T:- T2-Th, (5.1) 


where we have set T; =M>2-C;-M;, and T,=C3-T-C). 
Note that M,! =M, and M>,! = Mn». 


The counter clockwise-path 7, is given by 


Te = [(-i)*My' «Cy"+Ma"]- [Co™- A™-Cy")- [(-2)- Moc-C1-M)). (5.2) 


Comparing Equations 5.1 and 5.2, we conclude that 7, = 7". 


The four entries 7);, T)2, T21, and T>2 of the clockwise path matrix T are computed in 
Appendix A. The end result of that computation are the four arrays C,,, C,,, C,,, C,, of 


256 coefficients and four arrays A,,, A,,, A,,, A, of 256 sets of indices needed to 


define the four entries of the clockwise IFOG Jones matrix as defined by Equation 3.3. 


We wrote Matlab programs to compute the output intensities given by Equations 
3.14, 3.15, and 3.19 and to compute the Sagnac error given by Equation 3.13 for the 
IFOG model presented here for Gaussian, rectangular, and triangular frequency 
distribution functions. These programs are described in Appendix B where we include 


their listings. The plots in Figures 7, 8, and 9 were produced using these programs. 


Figures 7, 8, and 9 show the output of the function SagnacBias for a Gaussian, step, 
and triangular distribution function, respectively. The horizontal axis shows the values of 
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the length /, and the vertical axis shows the values of the length /, in meters. The color 


bars show the value of the bias angle in radians for the different colors. 


0.2729 
0.2728 
0.2728 
0.2727 
0.2727 
0.2726 
0.2726 
0.2725 
0.2725 


0.2724 


FIGURE 7. Bias Error - Gaussian Distribution. 
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0.2707 


0.2707 


0.2706 


0.2706 


0.2705 


0.2704 


0.2704 


0.2703 


0.2703 


0.2702 


FIGURE 8. Bias Error - Step Distribution. 
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FIGURE 9. Bias Error - Triangular Distribution. 
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Appendix A 
THE CLOCKWISE-PATH MATRIX T 


In this Appendix we compute the matrix 7 defined by Equation 5.1. As before, we 


i; 
write J as T -| = } Since there are 8 rotations along the clockwise path, each 7}, is 
21 22 


a sum of 2° = 256 terms. They have the form (see Example 1, Section 4) 


T,(@) = 9) C,(s)expi )19,). 


reA,(s) 


where each C;, is a 256-array of coefficients, each A; (s) is a set of 11 indices, ( s = 1, 
2, 5 2960; 1,7 =—=1,2), and @ =k1, 6, =k, &=khL., g =k, ..., 9 =k. forr 
odd, @ =k,/, for r even, where k.=n.@/c for r= 1, 2, 3, ... 14, and r= 19, 20, 21, and 


Le. 


Let @. denote the angle in rotation R, and let s,= sin@, andc,= cos@. for r= 1, 2, 
..., 6. The four taus, T1, T12, T21, and T22 representing the coil phase shifts will receive the 


indices 15, 16, 17, and 18, respectively; that is T1; = %,, Ti2 = &&, T21 = %,, and T22 = 


Ps - 


On *On **%) Will be represented by a row of indices 


An exponential of the form e 
[7,,7,,-..7, ], thus [2, 3, 5] represents e“**®**? and a product e\”*%**) e'% will be 


represented by [2,3,5][6] = [2,3,5,6] = e277 +?) | 


Pa FF 
The product of the first r Jones matrices will be denoted by P. = p . " 
r,21 r,22 
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— qc | 1 e'® 0 => cet §=6see'® bs OI ¢,[1] we 
> |-s, ¢| V2] 0 ee®} V2|-se* ceeM 2(-s)0] q&[2]] 
- |G Sfe*® OF 1] ef) 5¢[2]]_ 

a -| Si | 0 4 V2 hes weet 


-| c,[3] = il c,[1] — 
(-s,)[3] ¢,[4]} V2|(-s)0) ¢6[2] 


fis | eq[L3]+s,(-s)[L4] — @5,6[2.3]+3,¢6 12,4] | 
* 21 (-s,)e,[1,3]+¢,(-s, [1,4] (—s,)s,6,[2,3]+ ¢,¢,¢,[2,4] | 
Thus, 
Pai = ze { ¢2¢i[1,3] + s2(-s:)[1,4] }, Pai = 4 { cy81€1[2,3] + s2¢1€)[2,4] }, 


Pai = ze { (-s2)ei[1,3] + c2(-s))[1,4] }, Pa22= se { (-s2)si€i[2,3] + c2cie; [2,4] }, 


where the red symbols indicate small numbers. 


is 5 €,[6 
R= RMR = +5) te oa 2 =| c,[5] sé, 2 
J3 = GLO ee" V2 (—s;)[5]  c,€,[6] 
Thus, 


Por = Fe 03 [5] Parr + 3 83€2 [6] Pari 
Po12 = Fe C3 [5] Para + Je s3€2 [6] Pa,22 
Po,21 = Fz (-S3)[5] Pai + Fe C32 [6] Pari 
P6,22 =e (-83)[5] Pa.i2 + Fe 3€2 [6] Pa22 


Pear = F { €3€2€1[1,3,5] + c382(-s:)[1,4,5] + s3€2 (-s2)e1[1,3,6] + s3€2 ¢2(-s;)[1,4,6] } 
Po12 = $ { €3€2 8)€)[2,3,5] + c3 s2€1€)[2,4,5] + s3€2 (-S2)s1€1[2,3,6] + s3€2 c2¢1€)[2,4,6] } 
Peri = F {(-83)e2¢1[1,3,5] + (-s3)s2(-s\)[1,4,5] + c3€2(-82)e1[1,3,6] + c3€2¢2(-s;)[1,4,6] } 
P622 = + {(-S3) C28)€:[2,3,5] + (-s3) s2e1€)[2,4,5] + c3€2(-s2)s1€[2,3,6] + 


A-2 
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C3E2C2QCE| [2,4,6] }, 


where the blue symbols indicate numbers that could be small. 


R= BUR =| © an ae pec oe 
=s, &| 0 &€ (—s,)[7] ¢,[8] 


Thus, 


Pgii = C4[7] Poi + S4[8] Po 21 
Psi2 = Ca[7] Poi2 + Sa[8] Po,22 
Ps21 = (-S4)[7] Poi + c4[8] Po21 
Pg22 = (-S4)[7] Po,12 + c4[8] Po22 


Pai = $ { c4c3€2¢)[1,3,5,7] + c4c382(-s))[1,4,5,7] + c4s3€2 (-s2)e1[1,3,6,7] + 


C4S3&2 C2(-S; )[1,4,6,7] + S4(-S3)C2¢)[1,3,5,8] - $4(-S3)S0(-s))[1,4,5,8] T 
$4C3£2(-S2)c;[1,3,6,8] ig $4C3€2C2(-S, )[1,4,6,8] } 


Pgi2= > { C4C3C2 Sj €)[2,3,5,7] + c4c3 S2C1€)[2,4,5,7] + c4s3€2 (-S2)s1€[2,3,6,7] + 
C483€2 C2C1£)[2,4,6,7] + s4(-s3) C2S)€)[2,3,5,8] + s4(-S3) S2cy€)[2,4,5,8] + 
$4C3€2(-S2)s)€)[2,3,6,8] - $4C3£2C2C1£);[2,4,6,8] } 


Pg21 = + { (-Sa)e3€2€1[1,3,5,7] + (-S4)c382(-s))[1,4,5,7] + (-84)s3€2 (-S2)e1[1,3,6,7] + 
(-S4)S3£2 C2(-s; )[1,4,6,7] - C4(-S3)C2C;[1,3,5,8] - C4(-S3)S2(-S;)[1,4,5,8] + 
C4C3£2(-S2)C;[1,3,6,8] + C4C3€2C2(-S;)[1,4,6,8] } 


Pg22 = 5 { (-S4)e3€2 $)€;[2,3,5,7] + (-S4)c3 S2C1€)[2,4,5,7] + (-S4)s3€2 (-S2)s1€1[2,3,6,7] + 
(-S4)S3£2 C2C1E) [2,4,6,7] + C4(-S3) C2S)€)[2,3,5,8] = C4(-S3) S9C1£)[2,4,5,8] 7 
C4C3£2(-S2)s)€)[2,3,6,8] T C4C3€2C2C1£)[2,4,6,8] h. 


iD, iT}, iT}? iQy 

e 0 te t.5¢ e (0) 

Ff, = U,TU,F, = id. | : it ° it id, F 
0 @*itie” i.) =e 


p —| fl915.11] f2[10,1611] |, 
"Ve TOTFI2) #%, [101812]; ™ 
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Thus, 


Puy = ti [9,15,11] Pgii + tio [10,16,11] P31 
P 41,12 = ty [9,15,11] Pgi2 + ti2 [10,16,11] Ps22 
P4121 = to) [9, 17,12] Pgit + to (10,18,12] Pg 
P 1,22 = ta [9,17,12] Pgi2 + to2 [10,18,12] Pg 


Pra = 44 tur { c4csc2ei[1,3,5,7,9,15,11] + c4csso(-s:)[1,4,5,7,9,15,11] + 
C4S3E2 (-S2)c;[1,3,6,7,9,15,1 1] + C4S83€2 C2(-s;)[1,4,6,7,9,15,1 1] + 
S4(-S3)C2€[1,3,5,8,9,15,1 1] e $4(-S3)S2(-S))[1,4,5,8,9,15,1 1] * 
$4C3€2(-S2)c;[1,3,6,8,9,15,1 1] av $4C3£2C2(-S; )[1,4,6,8,9,15,1 1] } + 


tia { (-S4)c3¢2C1[1,3,5,7,10,16,11] + (-s4)c382(-s))[1,4,5,7,10,16,11] + 
(-84)S3€2 (-S2)¢1[1,3,6,7,10,16,11] + (-84)s3€2 C2(-s;)[1,4,6,7,10, 16,11] + 
c4(-83)2¢,[1,3,5,8,10,16,11] + c4(-s3)s2(-s))[1,4,5,8,10,16,11] + 
¢4C3€2(-S2)¢;[1,3,6,8,10,16,11] + c4c3e2€2(-s))[1,4,6,8,10,16,11] } } 


Pii12 = 1 tii { C4C3C2 $1£12,3.9,7.9,15,1 1] + c4c3 $9C£)[2,4,5,7,9,15,1 1] + 
C483€2 (-S2)S1€;[2,3,6,7,9,15,11] + cas3€2 C2¢1€;[2,4,6,7,9,15,11] + 
S4(-S3) C28) 12,390.95 1051 1] + S4(-S3) S$2C1E} [2,4,5,8,9,15,1 1] + 
S4C3E2(-S2)S)€)[2,3,6,8,9,15,1 1] + $4C3£2C2C1£)[2,4,6,8,9,15,1 1] 7 


tir { (-S4)c3C2 S€)[2,3,5,7,10,16,11] + (-s4)c382€1€:[2,4,5,7,10,16,11] + 
(-S4)S3£2 (-S2)s;€)[2,3,6,7,10,16,1 1] + (-S4)S3£> C2C1£)[2,4,6,7,10,16, 1 1] + 
c4(-83) €2S)€)[2,3,5,8,10,16,11] + c4(-s3) s2¢1€:[2,4,5,8,10,16,11] + 
€4C3€2(-S2)s)€)[2,3,6,8,10,16,11] + c4c3€2¢2€1€;[2,4,6,8,10,16,11] } } 


Prizi =4{ tar { cgcse2¢[1,3,5,7,9,17,12] + c4c3so(-s:)[1,4,5,7,9,17,12] + 
C4S3E2 (-S2)C;[1,3,6,7,9,17,12] + c4s3€2 C2(-s;)[1,4,6,7,9,17,12] + 
$4(-S3)C2C1[1,3,5,8,9,17,12] + s4(-s3)so(-s;)[1,4,5,8,9,17,12] + 
$4C3£2(-S2)c;[1,3,6,8,9,17,12] 5 $4C3£2C2(-S;)[1,4,6,8,9,17,12] > + 


to { (-S4)C3C2¢)[1,3,5,7,10,18,12] + (-S4)C3S2(-S; )[1,4,5,7,10,18,12] + 
(-S4)S3&2 (-S2)c1[1,3,6,7,10,18,12] + (-S4)s3€2 Ca(-s))[1,4,6,7,10,18,12] + 
C4(-S3)C2C1[1,3,5,8,10,18,12] + c4(-s3)s2(-s))[1,4,5,8,10,18,12] + 
C4C3£2(-S2)C1[1,3,6,8,10,18,12] + c4c3€2C2(-s))[1,4,6,8,10,18,12] } } 
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P3122 —_ Lf tr) { C4C3C2 SE) LZ Sede hotel betel + C4C382C1£)[2,4,5,7,9,17,12] + 


C483€2 (-S2)S1€1[2,3,6,7,9,17,12] + c483€2€2€1;[2,4,6,7,9,17,12] + 
$4(-S3) C28) €)[2,3,5,8,9,17,12] + s4(-s3)soc1€)[2,4,5,8,9,17,12] + 
$4C3E2(-S2)s/€)[2,3,6,8,9,17,12] + s4c3€2c2C1€)[2,4,6,8,9,17,12] } + 


tor { (-S4)c3C2 S1€)[2,3,5,7,10,18,12] + (-s4)c352¢1£)[2,4,5,7,10,18,12] + 
(-s4)83€2 (-S2)s1€:[2,3,6,7,10,18,12] + (-s4)s3€2 C2¢1£)[2,4,6,7,10,18,12] + 
C4(-S3) C28)€)[2,3,5,8,10,18,12] + c4(-s3)soc€)[2,4,5,8,10,18,12] + 
C4C3€2(-S2)81€)[2,3,6,8,10,18,12] + c4c322¢2¢1€)[2,4,6,8,10,18,12] } } 


( 16 terms each P}, ji; ) 


ee Oa s efits) 13) 
Ff, =U;RF, = id fi, = Fi 
G e™l=-& « —s,[14] c.[14] 


Thus, 


P13,11 = [13] { CsP 11,11 + 8sP11,21 } 
P1312 = [13] { ¢sPi1,12 + SsP 11,22 } 
P3321 = [14] { -ssPiiii + CsPi121 } 
P13,22 = [14] { -ssPi1,12 + C5Pi1,22 }. 


Remark. According to Equations 3.3 and 3.4, to define the four entries 7,,, 7,,, 7;,, T,,, 
of the transfer function 7 and to compute the output intensities for various g functions we 
need the four arrays of coefficients C);, Ci2, C21, C22, and the four 256 x 11 arrays of 
indices A,,, A,,, A,,, A,,.At this point we start writing the coefficients and the phase 
indices in array form as we continue to compute them. When we finish, they will be in a 
format that is ready to be scanned or copied for numerical computations. For example, 


instead of writing ¢s5c4C3S2(-s;) we will write C5*C4+C3+S2+(-s)). 


Arrays of coefficients and phase indices for P1311, ( 32 terms each P}3 ; ) 
P1311 = [13] { ¢sPiija1 + SsPi121 } 


+ «[ ty * | C5*CqxC3*C29C] BR eee Oe 
C5*C4*C3*S2*(-S) ) [1,4,5,7,9,15,1 113) 
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C5*C4*S3¥£4(-S>)*C] PRR A ee 1,13] 
C5*C4*S34£2*C2*(-S/) [1 54,6,7,9,15,1 1,13] 
C5eS4e(-S3)*C2*C] [1,3,5,8,9,15, 11,13] 
C5*S4*(-S3)*S2#(-S) ) [1,4,5,8,9,15,1 1,13] 
C5*S4*C34£p*(-S>)=Cy 11,3,6,8,9,15,1 1,13] 
C5*S4*C3*£2*C2*(-S)) | [1,4,6,8,9,15,1 1,13] 
ti2* |  C5*(-S4)*C3*C2*C| '1.5,5,7,10,16,] 1,13] 
C5*(-S4)*C3*S*(-S)) [1,4,5,7,10,16,1 Lao) 
C5*(-S4)*S3*£o"(-S>)*C] [ l gis) l 0, l 6, 11 . | 3] 
C5*(-S4)#S3*E> *C2*(-S) ) [ l ,4,6,7, 10, | 6, 11 ‘ l 3] 
C5*C4(-S3)*C2*C] [1,3,5,8,10,16,1 1,13] 
C5+C4e(-S3)*52*(-S1) [1,4,5,8,10,16,11,13] 
C5*C4*C34£0*(-S>)#C] [1,3,6,8,10,16,1 1,13] 
C5eCgeCzx2r*Cp+(-S)) [1,4,6,8,10,16,11,13] 
to) * | S5*C4*C3*C2*C] RELa LAA aK) 
$5#C4eC3*S2*(-S1) [1,4,5,7,9,17,12,13] 
S5*C4*S3*£ *(-S2)+C] (1,3,0,7,9,17,12,43] 
S5*C4*S3#£2*C2*(-S)) [1,4,6,7,9,17,12,13] 
$5+84+(-S3)*C2*C [1,3,5,8,9,17, 12,13] 
$5#84e(-S3)*S2#(-S1) [1,4,5,8,9,17,12,13] 
S5*S4*C3*£*(-S2)*C] [1,3,6,8,9,17,12,13] 
S5*Sq*C3*E2*C2*(-S;) | [1,4,6,8,9,17,12,13] 
toro * [| S5*(-S4)*C3*C2*C] 1 1,35057,10,18,12,13) 
$50(-S4)*C3*S2+(-S)) [1,4,5,7,10,18,12,13] 
S5*(-S4)*S3*E*(-S>)«C] [ l 30.4 l 0, | 8, LZ. l 3] 
S5*(-S4)*S3*Eo*C2*(-S | ) [ l ,4,6,7, ] 0, l 8, Lzyt 3] 
S5*C4*(-S3)*C2*C] [1,5,5,8,10,18, 12,13] 
S5*C4*(-S3)*S2*(-S)) [1,4,5,8,10,18,12,13] 
S5*C4*C3*£4(-S>)«C] | 1,3,6,8,19,18,12, 13) 
S5*C4*C3*£2*C2*(-S) ) ] ] [1,4,6,8,10,18,12,13] 


Arrays of coefficients and phase indices for P,3,12. 


P1312 = [13] { csPit12 + SsP 11,22 } 


+ «[ ty * | C5*C4*C3*C2#S) *f) PRENE Bie me) 
C5*C4*C3*S2*C] #€ | [2,4,5,7,9,15,11,13] 
C5*C4*S3%£> *(-S>)*S) *E | (2,3,6,7,9, l 3, 11 > l 3] 
C5*C4*S3%E9%Co*C] *& | (2,4,6,7,9,15,1 1,13] 


A-6 
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C5*S4x(-S3)*C2*S #2) 
C5#S4x(-S3 )#S2*Cy +E 
C5#*S4*C3#£2*(-S2)#S | + 
C5*S4*C3 489 %C2#C] #0) 


h| C5*(-S4)*C3*C2* S$) *&] 


C5*(-S4)*C3 #S2*C] +E 


C5*(-S4)*S3*£> *(-So)*S) *E) 


C5*(-S4)*S3+22*C2*C] +£ | 
C5*C4*(-S3)*C2*S) | 
C5*Cq*(-S3)*So*C) +€ 
C5*C4xC3¥E2*(-S2)¥S | #€) 
C5*C4*C3*£9*Co*C] *&| 


hs[ S5*C4*C3*C2*S | +E) 


S5*C4*C3*S9*Cj*f| 
S5*C4¥S3*£2*(-S2)#S | #E | 
S$5*C4*S3 #69 *Co*C] *£ | 
S5*S4*(-S3)*C2*S | +£) 
S5*S4*(-S3)*S2*C1 +E) 
S5*S4*C3#£9«(-Sp aS) 4E) 
$5*S4*C3%E9*C2*Cj*&) 


S5*(-S4)*C3 #C2*S) *£) 
S5*(-S4)*C3*S2*C] +e) 


S5*(-S4)*S3*E2*(-S2)#S) *E) 


S5*(-S4)*S3*£2*C2*C 1 +€) 
S5*C4x(-S3)*C2*S | #E | 
S5*C4*(-S3)#S2*Cj +€ 
S5*C4*C3*£o «(-S2)*S Te 
$5*C4*C3%£9*C2*C] *& | 


[2,3,5,8,9,15,11,13] 
[2,4,5,8,9,15,11,13] 
[2,3,6,8,9,15,11,13] 
[2,4,6,8,9,15,11,13] 


[2,3,5,7,10,16,11,13] 
[2,4,5,7,10,16,11,13] 
[2,3,6,7,10,16,11,13] 
[2,4,6,7,10,16,11,13] 
[2,3,5,8,10,16,11,13] 
[2,4,5,8,10,16,11,13] 
[2,3,6,8,10,16,11,13] 
[2,4,6,8,10,16,11,13] 


[2,3,5,7,9,17,12,13] 
[2,4,5,7,9,17,12,13] 
[2,3,6,7,9,17,12, 13] 
[2,4,6,7,9,17,12,13] 
[2,3,5,8,9,17,12,13] 
(2,4,5,8,9,17,12,13] 
[2,3,6,8,9,17,12,13] 
(2,4,6,8,9,17,12,13] 


[2,3,5,7,10,18,12,13] 
[2,4,5,7,10,18,12,13] 
[2,3,6,7,10,18,12,13] 
[2,4,6,7,10,18,12,13] 
[2,3,5,8,10,18,12,13] 
[2,4,5,8,10,18,12,13] 
[2,3,6,8,10,18,12,13] 
[2,4,6,8,10,18,12,13] 


Arrays of coefficients and phase indices for P;3,21. 


P4321 = [14] { -SsPiij11 + CsPii.21 } 


4+ «[ ti * | (-Ss)*C4q*C3*Co*C) [1,3,5,7,9,15,11,14] 
(-S5)*C4*C3*S2*(-S)) [1,4,5,7,9,15,11,14] 
(-S5)*C4*S3*f24(-S>)*C] 1.30.7 215.1 1,14] 
(-S5)*C4*S3+£2*C2*(-S) ) [1,4,6,7,9,15,1 1,14] 
(-85)+S4+(-S3)*C2*C [1,3,5,8,9,15,11,14] 
(-85)#S4e(-83)*S2*(-S1) [1,4,5,8,9,15,11,14] 
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(-S5)*S4*C3*Ep*(-So)«C 
(-S5)*S4*C3+£2*C2*(-S)) 


h+[ (-Ss)*(-S4)*C3+C2*C| 
(-Ss)#(-S4)*C3*S2*(-S)) 
(-Ss)*(-S4)*S3+#E2*(-S2)*Cy 
(-S5)#(-S4)#S3*E2*C2*(-S)) 
(-Ss)*C4»(-S3)#C2*C; 
(-S5)*Cq*(-S3)*S2*(-S)) 
(-S5)*C4*C3*E2*(-S2)*C| 
(-S5)*C4*C3*£2*Cz+(-S)) 


hs C5*C4*C3*Co*C] 

C5*C4xC3*S2*(-S)) 
C5*C4¥S3*£ *(-S>)*Cy 
C5*Cq*S3%£2*C2*(-S)) 
C5#S4x(-S3 )*C2*C} 
C5*S4*(-S3)*S*(-S) ) 
C5*S4*C3+£2*(-S2)*C] 
C5#S4xC3#£2*C2*(-S;) | 


C5*(-S4)*C3*C2*C; 
C5*(-S4)*C3*S«(-S)) 
C5*(-S4)*S3*E2*(-S2)*Cy 
C5+(-S4)*S3*£9*C2*(-S)) 
C5*C4x(-S3)*C2*C; 
C5*C4*(-S3)*S2*(-S)) 
C5*Cq*C3*£ *(-S2)*C] 
CsxCqeC3*E%Cz*(-S;) | 


[1,3,6,8,9,15,11,14] 
[1,4,6,8,9,15,11,14] 


[1,3,5,7,10,16,11,14] 
[1,4,5,7,10,16,11,14] 
[1,3,6,7,10,16,11,14] 
[1,4,6,7,10,16,11,14] 
[1,3,5,8,10,16,11,14] 
[1,4,5,8,10,16,11,14] 
[1,3,6,8,10,16,11,14] 
[1,4,6,8,10,16,11,14] 


[1,3,5,7,9,17,12,14] 
[1,4,5,7,9,17,12,14] 
[1,3,6,7,9,17,12,14] 
[1,4,6,7,9,17,12,14] 
[1,3,5,8,9,17,12,14] 
[1,4,5,8,9,17,12,14] 
[1,3,6,8,9,17,12,14] 
[1,4,6,8,9,17,12,14] 


[1,3,5,7,10,18,12,14] 
[1,4,5,7,10,18,12,14] 
[1,3,6,7,10,18,12,14] 
[1,4,6,7,10,18,12,14] 
[1,3,5,8,10,18,12,14] 
[1,4,5,8,10,18,12,14] 
[1,3,6,8,10,18,12,14] 
[1,4,6,8,10,18,12,14] 


Arrays of coefficients and phase indices for P32, 


P3322 = [14] { -ssPiii2 + CsP11,22 } 


+*[ tri = [ (-Ss)CqxCz«Cpss | #€ 
(-S5)*C4#C3+S24Cj *€ | 
(-S5)*C4*S3*2*(-S2)#S | «| 
(-S5)#Cq*S3%82*C2*C] +E 
(-S5)*S4*(-S3)*Cz*S | +€ | 
(-S5)*S4*(-S3)#So*C#&) 
(-S5)+S4*C3+E2*(-S2)#S | #E | 
(-S5)*S4*C34E2*C2*C] +E 


A-8 


[2,3,5,7,9,15,11,14] 
[2,4,5,7,9,15,11,14] 
[2,3,6,7,9,15,11,14] 
[2,4,6,7,9,15,11,14] 
[2,3,5,8,9,15,11,14] 
[2,4,5,8,9,15,11,14] 
[2,3,6,8,9,15,11,14] 
[2,4,6,8,9,15, 11,14] 


NAWCWD TP 8592 


he (-S5)#(-S4)*C3*C2#S | #€) 
(-S5)*(-S4)*C3*S2*C] +E; 
(-S5)*(-S4)#S3*£2*(-S2)#S | +€) 
(-S5)*(-S4)*S3*E2*C2*Cj +2) 
(-S5)*C4*(-S3)*C#5 | #£) 
(-S5)*C4*(-S3)#S*C 1+ 
(-S5)*C4*C3¥E2*(-S2)#S | #€ | 
(-S5)*C4xC3+Ep*Cp*Cj se) | 


hs C5*C4*C3*Co*S) #0) 
C5*C4*C3 459 4C] ¥€| 
C5*C4*S34£9*(-S2)#S) Ef) 
C5*C4*S3%£9*C2*C] *& | 
C5*S4*(-S3)*Co4S | #E | 
C5*Sq*(-S3)*S2*Cj *E | 
C5*S4*C3+£2*(-S2 )aS | #E 
C5*S4*C34£2%C2*Cj +E) | 


C5*(-S4)*C3+C 2S) # | 
C5#(-S4)*C3*S2*C] +E) 
C5*(-S4)#S3*£2*(-S2)#S | +€ | 
C5*(-S4)#S34*E2*C2#C] +E 
C5*C4*(-S3)*C2*S | #£ | 
C5*Cq*(-S3)*S2*C] *€) 
C5*C4¥C3#£24(-S2)#S | #E) 
C5*C4eCz*Eo*Co*Cj*e; | 


lje* OO F & 
P= MRP. = 
15 26213 al 0 eet [ s, 
P1511 = 75 [19] C6P 13,11 + S6P 13,21 } 
P1512 = + [19] C6P13,12 + S6P13,22 } 
P1521 = Fs [20]e2{ (-S6)P 13,11 + C6P13,21 } 
P1522 = 5 [20]&> { (-S6) P1312 + C6P13,22 } 


[2,3,5,7,10,16,11,14] 
[2,4,5,7,10,16,11,14] 
[2,3,6,7,10,16,11,14] 
[2,4,6,7,10,16,11,14] 
[2,3,5,8,10,16,11,14] 
[2,4,5,8,10,16,11,14] 
[2,3,6,8,10,16,11,14] 
[2,4,6,8,10,16,11,14] 


[2,3,5,7,9,17,12,14] 
[2,4,5,7,9,17,12,14] 
[2,3,6,7,9,17,12,14] 
[2,4,6,7,9,17,12,14] 
[2,3,5,8,9,17,12,14] 
[2,4,5,8,9,17,12,14] 
[2,3,6,8,9,17,12,14] 
[2,4,6,8,9,17,12,14] 


[2,3,5,7,10,18,12,14] 
[2,4,5,7,10,18,12,14] 
[2,3,6,7,10,18,12,14] 
[2,4,6,7,10,18,12,14] 
[2,3,5,8,10,18,12,14] 
[2,4,5,8,10,18,12,14] 
[2,3,6,8,10,18,12,14] 
[2,4,6,8,10,18,12,14] 


ss], _1[ cll9] s,{19] 
c,| °° V2} e,(-s,)[20] €,c,[20] 


k 


Arrays of coefficients and phase indices for Pj51;, ( 64 terms each Ps jj ) 
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Pisi1 = [19] { c6Pi3.i1 + S6Pi3,21 } 


Se tL tiel CoCs*C4ec3«C2*Cy 


ti2*| 


C6*C5*C4xC34S2(-S)) 
CoxC5*Cq*S3*E*(-S2)#C] 
Co*C5#C44S34E2*C2*(-S)) 
C6*C5*S4*(-S3)*C2*C] 
C6*C5*S4*(-S3)*S2*(-S)) 
Co*C5*Sq*C3%£0*(-S2)*Cy 
Co#C5#84*C3*£24C2*(-S)) | 


CoxC5*(-S4)*C3*C2*C| 
C6*C5*(-S4)*C3+S2*(-S)) 
CoxC5*(-S4)*S3¥E2*(-S2)#Cy 
Co*C5#(-S4)*S3#£2*C2*(-S ) 
Co*C5*Cq*(-S3)*C2*C] 
C6*C5*Cqx(-S3)*S2*(-S) 
CoxC5*Cq#C3¥&0*(-S2)*Cy 
CoaCs*CgaC34£o4Cz*(-S)) | 


he[ Co*S5*C4*C3*C2*C| 


C6*S5*C4*C3*S> +(-S)) 
CoxS5*C4xS3*£)+(-S2)*C] 
Co¥S5*C4*S34£2*C2*(-S)) 
C6*S5*S4*(-S3)*C2*C] 
C6*S5#S4*(-S3)*S2*(-S)) 
Co*S5*S4xC3*£2*(-S> aC] 


CoxSs*SqxC3*£r4C2*(-S;) | 


Co*S5*(-S4)*C3*C2*C| 
C6¥S5*(-S4)*C3*S2*(-S)) 
Co#S5+(-S4)#S3*E2*(-S2)*C} 
C6¥S5*(-S4)*S3*E*C2*(-S/) 
Co*S5*Cqx(-S3)*C2*C] 
Co*S5*C4x(-S3)*S2*(-S)) 
Co*S5*Cq*C3*£0*(-S2)«C] 
Co#S5#CqxC3420*C2*(-S)) 


stl tel So*(-Ss)+Cqxc3*C2*Cy 


] | 


A-10 


1153;5,7,9,15,11, 13,19) 


[1,4,5,7,9,15,11,13,19] 
[1,3,6,7,9,15,11,13,19] 
[1,4,6,7,9,15,11,13,19] 
[1,3,5,8,9,15,11,13,19] 
[1,4,5,8,9,15,11,13,19] 
[1,3,6,8,9,15,11,13,19] 
[1,4,6,8,9,15,11,13,19] 


[1,3,5,7,10,16,11,13,19] 
[1,4,5,7,10,16,11,13,19] 
[1,3,6,7,10,16,11,13,19] 
[1,4,6,7,10,16,11,13,19] 
[1,3,5,8,10,16,11,13,19] 
[1,4,5,8,10,16,11,13,19] 
[1,3,6,8,10,16,11,13,19] 
[1,4,6,8,10,16,11,13,19] 


[1,3,5,7,9,17,12,13,19] 
[1,4,5,7,9,17,12,13,19] 
[1,3,6,7,9,17,12,13,19] 
[1,4,6,7,9,17,12,13,19] 
[1,3,5,8,9,17,12,13,19] 
[1,4,5,8,9,17,12,13,19] 
[1,3,6,8,9,17,12,13,19] 
[1,4,6,8,9,17,12,13,19] 


[1,3,5,7,10,18,12,13,19] 
[1,4,5,7,10,18,12,13,19] 
[1,3,6,7,10,18,12,13,19] 
[1,4,6,7,10,18,12,13,19] 
[1,3,5,8,10,18,12,13,19] 
[1,4,5,8,10,18,12,13,19] 
[1,3,6,8,10,18,12,13,19] 
[1,4,6,8,10,18,12,13,19] 


[1,3,5,7,9,15,11,14,19] 


ti2*| 


tr; «| 
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S6*(-S5)*C4*C3*S2*(-S)) 
S6*(-S5)*C4*S3*E2*(-S2)*Cy 
S6*(-Ss)*Cq*S3*E2*C2*(-S) ) 
S6*(-S5)*S4x(-S3)*C2*C} 
S6*(-Ss5)*S4*(-S3)*S2*(-S)) 
S6*(-S5)*S4*C3+E2*(-S2)*C] 
S6*(-S5)*S4*C3*£2*C2+(-S;) | 


Sox(-S5)*(-S4)*C3*C2*Cy 
S6*(-S5)*(-S4)*C3*S2*(-S)) 
S6*(-S5)#(-S4)#S3*E2*(-S2)*C] 
So*(-S5)#(-S4)+S3*E2*C2*(-S |) 
S6*(-S5)*Cq*(-S3)*C2*C} 
S6*(-S5)*C4*(-S3)*S2*(-S)) 
S6*(-S5)*C4*C3*E0*(-S2)*C] 
S6*(-Ss5)*C4*C3*£2*C2*(-S)) | 


S6*C5*C4*C3*C7*C} 
S6*C5*C4*C3*S2*(-S)) 
S6*C5*Cq*S34£*(-S>)*C] 
S6*C5*C4*S3+£2*C2*(-S) ) 
S6*C5¥Sq*(-S3)*C2*C] 
So*C5*S4*(-S3)*S2*(-S)) 
S6*C5*S4*C34£*(-S>)*C] 
S6*C5*Sq*C3*£2*C2*(-S;) | 


S6*C5*(-S4)*C3*C2*C] 
S6*C5*(-S4)*C3*S2*(-S)) 
S6*C5*(-S4)*S3*E2*(-S2)*C] 
S6*C5*(-S4)*S3*£9*C2*(-S/) 
S6*C5*C4*(-S3)#C2*C; 
So#C5*C4x(-S3)*S2*(-S)) 
S6*C5*C4*C3%E2*(-S2)*C] 
S6*C5*C4xC34E2*C2*(-S;) |] ] 


[1,4,5,7,9,15,11,14,19] 
[1,3,6,7,9,15,11,14,19] 
[1,4,6,7,9,15,11,14,19] 
[1,3,5,8,9,15,11,14,19] 
[1,4,5,8,9,15,11,14,19] 
[1,3,6,8,9,15,11,14,19] 
[1,4,6,8,9,15,11,14,19] 


[1,3,5,7,10,16,11,14,19] 
[1,4,5,7,10,16,11,14,19] 
[1,3,6,7,10,16,11,14,19] 
[1,4,6,7,10,16,11,14,19] 
[1,3,5,8,10,16,11,14,19] 
[1,4,5,8,10,16,11,14,19] 
[1,3,6,8,10,16,11,14,19] 
[1,4,6,8,10,16,11,14,19] 


[1,3,5,7,9,17,12,14,19] 
[1,4,5,7,9,17,12,14,19] 
[1,3,6,7,9,17,12,14,19] 
[1,4,6,7,9,17,12,14,19] 
[1,3,5,8,9,17,12,14,19] 
[1,4,5,8,9,17,12,14,19] 
[1,3,6,8,9,17,12,14,19] 
[1,4,6,8,9,17,12,14,19] 


[1,3,5,7,10,18,12,14,19] 
[1,4,5,7,10,18,12,14,19] 
[1,3,6,7,10,18,12,14,19] 
[1,4,6,7,10,18,12,14,19] 
[1,3,5,8,10,18,12,14,19] 
[1,4,5,8,10,18,12,14,19] 
[1,3,6,8,10,18,12,14,19] 
[1,4,6,8,10,18,12,14,19] | 


Arrays of coefficients and phase indices for P1512. 


P1512 = [19] { CoP 13,12 + S6P13,22 } 


1 
2/2 


+[ try] Co*C5*Cq*C3*C2*S | +f) 


C6*C5*Cg*C3*S9*C] *£) 
Co*C5*C4*S3*£0*(-S2) #5) *E) 


A-11 


LdySatoha Maha k Lgl Dy Lo] 


[2,4,5,7,9,15,11,13,19] 
[2,3,6,7,9,15,11,13,19] 


l 


2/2 


ti2«[ 


tr; «| 


t22 « [ 


+[ til 
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C6*C5*C 4483469 *C24#C]*&) 
Co#C5*Sq*(-S3)*C2#S | #€) 
Co*C5*S4e(-S3)*So*C] a 
Co*C5*S4eC34£24(-So)#S) Ef 
CoaCs#S4xC34£04Cz4Cp se) | 


CoxC5#(-S4)*C3*C2* S| #8) 
Co#C5«(-S4)#C3 #S2*C] ¥€ 


CoxC5*(-S4)*S3*£2*(-S2)#S | #€) 


Co*C5*(-S4)*S3*E2*C2*C] +E) 
C6*C5*Cqx(-S3)*C2*S | +f) 
Co*C5*Cqx(-S3)*S2*Cp +E) 
Co*C5*Cq*C3*£2*(-S2)aS) #f) 
C6*C5*C44C3 4&9 %C24#C] #&| 


C6*S5*C4*C3*Co#S) #£ | 
C6*S85*C4*C3*So%C] *&) 
C6*S5*C4*S3*£*(-S>)«S j*l] 
C6#S5*C44S3*E7*C2*C] +E | 
C6*S5*S4*(-S3)*C2*S) *E | 
Co*S5*S4*(-S3)*So#C] ¥€ 
Co*S5*Sq*C3*£2*(-S2)*Sj +f 
C6*S5*S4*C3 4&9 *C2*C] #&) 


CoxS5#(-S4)*C3*C2*S | #f) 
C6*S5*(-S4)*C34S2*C 1 ¥€ | 


C6*S5*(-S4)*S3#E"(-S>)*S *E | 


Co*S5*(-S4)*S3*f2*C2*Cj +E 
C6*S5*C4*(-S3)*C2*S j*E} 
CoxS5*C4e(-S3)*S2¥C] +E | 
Co#S5#CqeC3*£ 4(-S>)#S | #E| 
C6*S5*C4xC3 4&9 *C7*C) +f) 


S6*(-S5)*C4xC34C2¥5 | #€ 


S6*(-S5)*C4*C3*S2*C 1 4 


} | 


S6*(-S5)#*C4xS3*£2*(-S2 )#S | #€) 


S6*(-S5)*C4*S3482 #C2*C]*0) 
So*(-S5)#S4x(-S3)*C2*5 | ¥€ 
So#(-S5)#S4x(-S3)*S2*C1#€) 


S6*(-S5)*S4*C3*£> «(-S2)*S) | 


S6*(-S5)*S4*C E9402 40] *£ | 


A-12 


[2,4,6,7,9,15,11,13,19] 
[2,3,5,8,9,15,11,13,19] 
[2,4,5,8,9,15,11,13,19] 
[2,3,6,8,9,15,11,13,19] 
[2,4,6,8,9,15,11,13,19] 


[2,3,5,7,10,16,11,13,19] 
[2,4,5,7,10,16,11,13,19] 
[2,3,6,7,10,16,11,13,19] 
[2,4,6,7,10,16,11,13,19] 
([2,3,5,8,10,16,11,13,19] 
[2,4,5,8,10,16,11,13,19] 
[2,3,6,8,10,16,11,13,19] 
[2,4,6,8,10,16,11,13,19] 


[2,3,5,7,9,17,12,13,19] 
[2,4,5,7,9,17,12,13,19] 
[2,3,6,7,9,17,12,13,19] 
[2,4,6,7,9,17,12,13,19] 
[2,3,5,8,9,17,12,13,19] 
[2,4,5,8,9,17,12,13,19] 
[2,3,6,8,9,17,12,13,19] 
[2,4,6,8,9,17,12,13,19] 


[2,3,5,7,10,18,12,13,19] 
[2,4,5,7,10,18,12,13,19] 
[2,3,6,7,10,18,12,13,19] 
[2,4,6,7,10,18,12,13,19] 
[2,3,5,8,10,18,12,13,19] 
[2,4,5,8,10,18,12,13,19] 
[2,3,6,8,10,18,12,13,19] 
[2,4,6,8,10,18,12,13,19] 


[2s IyIy fy Fy hyd 124,19] 


[2,4,5,7,9,15,11,14,19] 
[2,3,6,7,9,15,11,14,19] 
[2,4,6,7,9,15,11,14,19] 
[2,3,5,8,9,15,11,14,19] 
(2,4,5,8,9,15,11,14,19] 
[2,3,6,8,9,15,11,14,19] 
[2,4,6,8,9,15,11,14,19] 
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tio*| S6*(-Ss5)#(-S4)*C3*C2#S | #2 (2,3,5,7,10,16,11,14,19] 
S6*(-S5)*(-S4)*C3*S2*C] #2 [2,4,5,7,10, l 6,1 L. 14, l 9] 
S6*(-S5)*(-S4)*S3 #09 #(-S>)«S j*E] PAE ws ] 0, ] 6, Ll, 14, l 9] 
S6*(-S5)#(-S4)*S3*£2*C2*C] +f) [2,4,6,7,10,16,1 1,14,19] 
S6*(-S5)*C4*(-S3)*C2*S jE] FARE l 0, 16,1 1,14, l 9] 
$5#(-Ss)*Cqe(-S3)#S2*C1 +E) [2,4,5,8,10,16,11,14,19] 
S6*(-S5)*C4#C34£2*(-So)*S | *E) [2,3,6,8,10, 16,11,14,1 9] 
So*(-S5)*Cq*C3*£2*C2*Cj*e) | [2,4,6,8,10,16,11,14,19] 

tor * |  S6*C5*C4*Cz*C2*S | #E| [2,3,5,7,9,17,12,14,19] 
S6*C5*C4q*C3%So¥C] *&) [2,4,5,7,9, ] Tks 14,19] 
S6*C5*C4*S3480*(-S>)#S p*) [2,3,6,7,9, l te 12, 14, l 9] 
S6*C5*C4*S3*£9*Co*C] #&) (2,4,6,7,9,17,12,14,19] 
S6*C5*S4*(-S3)*C2#S | «E| [2,3,5,8,9,17,12,14,19] 
S6*C5*S4*(-S3)*S2*Cy*E| PAR RAW APA 14,19] 
S6*C5*S4*C34£2*(-S2)#S) *e) (2,,9.0,8,9,17,1.2. 14,19] 
S6*C5*S4*C34E2*C2*C pe) | (2,4,6,8,9,17,12,14,19] 

tor * [|  SowC5*(-S4)*C3*C2*S | #f| (2,3,5,7,10,18,12,14,19}] 
So*C5*(-S4)*C3* So*Cyp*&) 2b lehs l 0, ] 8, l Zz, 14, | 9] 
S6*C5*(-S4)*S3*E«(-S2) «S| *E | PREP 10, l 8, 12,14,19] 
S6*C5*(-S4)*S3*f2*C2*C]*e) [2,4,6,7, 10, l 8,12, 14,19] 
So*C5*Cq*(-S3)#Co#S | ¥f) [2,350.05 10, l 8, 12,14,19] 
S6*C5*C4*(-S3)*S2*Cy*E| (2,4,5,8,10,18,12,14,19] 
S6*C5*Cq*C3#£«(-S2)«S jE] (2, 3/0,05 10, l 8, 12, 14, l 9] 
SoeCseCgeCzrEpeCneC jE, ] J [2,4,6,8,10,18,12,14,19] | 


Arrays of coefficients and phase indices for Pjs,21. 


Pis21 = [20]€2{ (-S6)Pi3,11 + CoP 13,21 } 


a «[ tri*[ Eo*(-S6)*C5*C4*C3*C2*C] LL Derivts tyke k be kayeul 
E> #(-S6)*C5*C4*C3#S2*(-S) ) [ | 54,5,7,9, l , 11 ; l 3,20] 
E> #(-S¢)#*C5*C4*S3*£2*(-S2)*C] [1 3:0,1.9: i>, 11,1 3 520] 
€9*(-S¢)*C5*C4*S3*£2*C2*(-S)) [1,4,6,7,9,135.11,13,20] 
€5#(-S6)*C5#84e(-S3)*C2*C] [1,3,5,8,9,15,11,13,20] 
€y+(-S6)*C5*84*(-S3)*S2*(-S1) [1,4,5,8,9,15,11,13,20] 
Hy) #(-S6)#C5*S4*C3*£> +(-So)*C| [ l ,3,6,8,9, l 2, 11 . 13 520] 


E> #(-S6)*C5*Sq*C3*£> *Cp*(-S ) | [ l ,4,6,8,9, l 2, 11 : l 3,20] 


A-13 


ti2*[ 


tr: «| 


tr2 « | 
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Ep4(-S6)*C5#(-S4)*C3#C2*C} 

E> #(-S6)*C5 +(-S4)*C3 *S? +(-S | ) 
£o*(-S6)*C5*(-S4)*S3*E2*(-S2)*C] 
Ep*(-S6)*C5*(-S4)*S3*E2*C2*(-S)) 
En*(-S6)*C5*C4(-S3)#C2*C] 
Ep*(-S6)*C5*C4*(-S3)*S2*(-S)) 
En«(-S6)#C5*C4#C34£0#(-S2)*C] 
Ep*(-S6)*C5*Cq*C3*£2*C2*(-S) ) 


E24(-S6)*S5*C4*C3*Cz*C} 
Ep*(-S6)*S5*C4*C3*S2*(-S)) 

€ *(-So)*S5#C4+S3*£2*(-S2)*C; 
En*(-S6)#S5*Cq*S3*f2*C2*(-S) ) 
€*(-S6)*S5*S4*(-S3)*C2*C} 
Eo*(-S6)*S5*S4*(-S3)*S2*(-S)) 
£ *(-S6)*S5*SgeC3*£4(-S>)*Cy 
E9*(-S6)*S5*S4*C3*E2*C2*(-S) ) 


€9*(-So)*S5*(-S4)*C3*C2*C] 
Eo*(-S6)*S5*(-S4)*C3*S2*(-S) ) 
€2*(-S6)*S5*(-S4)*S3+E2*(-S2)*C 
E2*(-S6)*S5*(-S4)*S3*E2*C2*(-S)) 
€ *(-S6)*S5*C4*(-S3)*C2*C] 
Ep*(-S6)*S5*C4*(-S3)*S2*(-S/) 
€p*(-S6)*S5*Cq*C3*£o*(-S2)«Cy 


E> «(-S¢)*Ss*Cq+C3 #&£> +C7*(-S | ) ] ] 


Te * [trie €2*Co*(-S5)*CqeC3*C2"C 


ti2*| 


£9*C6*(-S5)*C4*C3z*S2*(-S/) 
€p*C6#(-S5)*C4*S3*E*(-S2)*C} 
E*C6*(-S5)*C4*S34£*C2*(-S)) 
E2*Co*(-S5)*Sq*(-S3)*C2*C 
E2*C6*(-S5)+S4*(-S3)*S2*(-S 1) 
Eo*C6#(-S5)*S4C34£2*(-S2)*C] 
E£p*C6*(-S5)*S4xC3*£2*C7*(-S)) | 


En*Coe(-S5)*(-S4)*C3*C2*C} 
E2*C6*(-S5)*(-S4)*C3+S2*(-S |) 
En*C6*(-S5)#(-S4)*S3*E2*(-S2)*C] 
E2*C6*(-S5)*(-S4)*S3*E2*C2*(-S)) 
En*Co*(-Ss)*C4x(-S3 )*C2*C} 


A-14 


[1,3,5,7,10,16,11,13,20] 
[1,4,5,7,10,16,11,13,20] 
[1,3,6,7,10,16,11,13,20] 
[1,4,6,7,10,16,11,13,20] 
[1,3,5,8,10,16,11,13,20] 
[1,4,5,8,10,16,11,13,20] 
[1,3,6,8,10,16,11,13,20] 
[1,4,6,8,10,16,11,13,20] 


[1,3,5,7,9,17,12,13,20] 
[1,4,5,7,9,17,12, 13,20] 
[1,3,6,7,9,17,12,13,20] 
[1,4,6,7,9,17,12,13,20] 
[1,3,5,8,9,17,12,13,20] 
[1,4,5,8,9,17,12,13,20] 
[1,3,6,8,9,17,12,13,20] 
[1,4,6,8,9,17,12, 13,20] 


[1,3,5,7,10,18,12,13,20] 
[1,4,5,7,10,18,12,13,20] 
[1,3,6,7,10,18,12,13,20] 
[1,4,6,7,10,18,12,13,20] 
[1,3,5,8,10,18,12,13,20] 
[1,4,5,8,10,18,12,13,20] 
[1,3,6,8,10,18,12,13,20] 
[1,4,6,8,10,18,12,13,20] 


[1,3,5,7,9,15,11,14,20] 


[1,4,5,7,9,15,11,14,20] 
[1,3,6,7,9,15,11,14,20] 
[1,4,6,7,9,15,11,14,20] 
[1,3,5,8,9,15,11,14,20] 
[1,4,5,8,9,15,11,14,20] 
[1,3,6,8,9,15,11,14,20] 
[1,4,6,8,9,15,11,14,20] 


[1,3,5,7,10,16,11,14,20] 
[1,4,5,7,10,16,11,14,20] 
[1,3,6,7,10,16,11,14,20] 
[1,4,6,7,10,16,11,14,20] 
[1,3,5,8,10,16,11,14,20] 


tr; «| 


t22 + | 
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E2*C6#(-S5)*C4*(-S3)*So*(-S)) 
E2%C6*(-S5)*C4*C3*&2*(-So)*C] 
E*C6x(-S5)*Cq*C3*E*Cz*(-S;) | 


Ep*CoeC5*Cq*C34C2*C] 

Ep 4C6*C5*C4*C3*S2*(-S) ) 
Eo*CeC5*C4g*S3*80 «(-So)+Cy 

En *C6*C5*C4*S3*£2*C2*(-S)) 
E2*C6*C5*S4*(-S3)*C2*C] 

E> *C6*C5*Sq*(-S3)*S2 «(-S ) 
En*Co*C5*S4*C3*£2*(-S> aC] 
EnaCoeC5*SqxC3*Eo4Cz*(-S;) | 


En*Co*C5*(-S4)*C3*C2*C] 

£2 *C6*C5*(-S4)*C3*S2*(-S)) 
EneCoxCs*(-S4)#S3*E2*(-S2 )*Cy 
€2*C6*C5*(-S4)*S3*E2*C2*(-S)) 
E2*C6*C5*Cq+(-S3 )*Cz*C} 
E24CG#C5*C4x(-S3)*S2*(-S) ) 

Ep %C6#C5*C4*C3 £0 *(-S2)*Cy 
En*Cg*Cs*C4C3*£2*C2*(-S;) ] | 


[1,4,5,8,10,16,11,14,20] 
[1,3,6,8,10,16,11,14,20] 
[1,4,6,8,10,16,11,14,20] 


[1,3,5,7,9,17,12,14,20] 
[1,4,5,7,9,17,12,14,20] 
[1,3,6,7,9,17,12,14,20] 
[1,4,6,7,9,17,12,14,20] 
[1,3,5,8,9,17,12,14,20] 
[1,4,5,8,9,17,12,14,20] 
[1,3,6,8,9,17,12,14,20] 
[1,4,6,8,9,17,12,14,20] 


[1,3,5,7,10,18,12,14,20] 
[1,4,5,7,10,18,12,14,20] 
[1,3,6,7,10,18,12,14,20] 
[1,4,6,7,10,18,12,14,20] 
[1,3,5,8,10,18,12,14,20] 
[1,4,5,8,10,18,12,14,20] 
[1,3,6,8,10,18,12,14,20] 
[1,4,6,8,10,18,12,14,20] 


Arrays of coefficients and phase indices for Pjs,22. 


P1522 = [20]e2{ (-S6)P 13.12 + CoP 13,22 } 


Wi *[ tiie €2*(-So)*C5*C4xC3*Cz45 | +f 


ti2*| 


€> #(-S6)*C5*C4*C3 *S9*Cp*£ | 
€o*(-S6)*C5*C4*S34E0*(-S2)aS | #E) 
£p«(-S6)*C5*C4xS3*82*C2*C 1 E | 
£*(-S6)*C5*S4*(-S3)*C2*S | #f) 
E2*(-So)*C5*Sq*(-S3)*S2*Cy +E) 

Sy +(-S¢)*C5*S4*C3 A #(-S2)«sS je] 
£9 4(-S6)*C5*Sq*C3*E2*C2*Cj*E) | 


£ *(-S6)*C5*(-S4)*C3*C2* Sj #E| 
£*(-S6)*C5*(-S4)*C3*S2*Cy +E | 
£p*(-S¢)*C5*(-S4)*S3*E2#(-S2)#S jE 
E2*(-S6)*C5«(-S4)#S3*E2*C2*Cj 4€ 
E2*(-S6)*C5*C4*(-S3)*C2#S | #€ | 
£*(-S6)*C5*C4*(-S3)*S2*Cp 4€ | 


A-15 


[2 DplstsPyhasd dyke 


[2,4,5,7,9,15,11,13,20] 
[2,3,6,7,9,15,11,13,20] 
[2,4,6,7,9,15,11,13,20] 
[2,3,5,8,9,15,11,13,20] 
[2,4,5,8,9,15,11,13,20] 
[2,3,6,8,9,15,11,13,20] 
[2,4,6,8,9,15,11,13,20] 


[2,3,5,7,10,16,11,13,20] 
[2,4,5,7,10,16,11,13,20] 
[2,3,6,7,10,16,11,13,20] 
[2,4,6,7,10,16,11,13,20] 
[2,3,5,8,10,16,11,13,20] 
[2,4,5,8,10,16,11,13,20] 


tri «| 


tr2 + | 


sa ltiel 


ti2+ | 


tr «| 
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£9*(-S6)*C5*C4*C3*£*(-S2)#S | #f) 
En*(-S6)*C5*Cq*C34E2*C2*C] *E| | 


© #(-S6)*S5*Cq*C3*C2#S | +£ 
E2*(-S6)*S5*Cq*C3*S2*C] +£ 
En*(-S6)*S5*C4*S3*£2*(-S2)#S | #E) 
€2*(-S6)*S5*C4*S3*2*C2*C] #€ | 
£o*(-S6)*S5*S4*(-S3)*C2*S) oe 
£*(-S6)*S5*S4*(-S3)*S2*C1 +E) 
€2*(-S6)*S5*Sq*C3*E*(-S2)#S | # 
#(-S¢)*S5*S4*C3 42> #C2*C)*£) | 


£«(-S6)*S5*(-S4)*C3*C2*S | *E | 
En*(-S6)#S5*(-S4)*C3+S2*C] #€) 
Ep4(-S6)#S5*(-S4)*S3#E2*(-S2)#S | #E 
Eo*(-S6)*S5*(-S4)*S3*E2*C2*C] *E) 
€2#(-S6)*Ss*Cqx(-S3)*C2#S | +€ 
£o*(-S6)*S5*C4*(-S3)*S2*C pe) 
£9*(-S6)*S5#C4*C3#E2*(-S2)#S | *E) 
€ *(-S6)*S5*C4*C3*€2*C7*C] +€ | 


| 


Epe Cex(-S5)*CqxC3*C2¥5 | #€ | 


En *Co*(-S5)*Cq*Cz*So*C] *€| 

Eo «CG*(-Ss)*C4xS3*E2#(-S2)#S | ¥E | 
En*Co#(-S5)*C4*S3+£2*C2*C] +€ | 
Eo *Ce*(-S5)*Sq*(-S3)*C2*S | #E | 
2*C6*(-S5)*S4x(-S3)*S2*C] *€ | 
En*C6*(-S5)*S4*C 34 *(-S2)*S | *E) 
Ep *CG*(-S5)*Sq*C3*E2*Cz4Cj +E) | 


En4C6*(-S5)#(-S4)*C3*C245 | #€ | 
E24Co#(-S5)*(-S4)*C3#S2*C] +E | 
Ep4CG*(-S5)*(-S4)*S3*E2*(-S2 )#S | +E | 
EpaCo*(-S5)*(-S4)#S3#E2*C2*C] +E 
Ep*Co*(-S5)*C4*(-S3)*C2*5 | +£) 
E2*C6*(-S5)*Cq*(-S3)#S2#C1 #2) 

©? *C6*(-S5)*C4*C3 *E «(-S2)«S 1 *&] 
En*Cg*(-S5)*CqxC3*E2*C2*Cj*£; | 


EoeCgeC5*Cg*C3*Co*S | &) 
Enel gaC5*Cg*C3*89*C] #0) 


[2,3,6,8,10,16,11,13,20] 
[2,4,6,8,10,16,11,13,20] 


[2,3,5,7,9,17,12,13,20] 
[2,4,5,7,9,17,12,13,20] 
[2,3,6,7,9,17,12,13,20] 
[2,4,6,7,9,17,12,13,20] 
[2,3,5,8,9,17,12,13,20] 
[2,4,5,8,9,17,12,13,20] 
[2,3,6,8,9,17,12,13,20] 
[2,4,6,8,9,17,12,13,20] 


[2,3,5,7,10,18,12,13,20] 
[2,4,5,7,10,18,12,13,20] 
[2,3,6,7,10,18,12,13,20] 
[2,4,6,7,10,18,12,13,20] 
[2,3,5,8,10,18,12,13,20] 
[2,4,5,8,10,18,12,13,20] 
[2,3,6,8,10,18,12,13,20] 
[2,4,6,8,10,18,12,13,20] 


[2,3,5,7,9,15,11,14,20] 


[2,4,5,7,9,15,11,14,20] 
[2,3,6,7,9,15,11,14,20] 
[2,4,6,7,9,15,11,14,20] 
[2,3,5,8,9,15,11,14,20] 
(2,4,5,8,9,15,11,14,20] 
[2,3,6,8,9,15,11,14,20] 
[2,4,6,8,9,15,11,14,20] 


[2,3,5,7,10,16,11,14,20] 
[2,4,5,7,10,16,11,14,20] 
[2,3,6,7,10,16,11,14,20] 
(2,4,6,7,10,16,11,14,20] 
[2,3,5,8,10,16,11,14,20] 
(2,4,5,8,10,16,11,14,20] 
[2,3,6,8,10,16,11,14,20] 
[2,4,6,8,10,16,11,14,20] 


[2,3,5,7,9,17,12,14,20] 
[2,4,5,7,9,17,12,14,20] 
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EoeCeg*C5*C 4483480 #(-S>)«S *E | PAROS AD l Fe LZ; 14,20] 
En*CegeC5*C4¥S3 460 %C2*C] *£) [2,4,6,7,9, ya ee 14,20] 
Ep%C6*C5*S4*(-S3)*C2*S | #f | LZiphpds Oy Dy Li, l 2,14,20] 
En*C6*C5*S4*(-S3)*S2*Cy*€) [2,4,5,8,9, l fm he A 14,20] 
Eo*Ce6*eC5*S4q4C3 480 *(-S>)*S) *£ | [2,3,6,8,9, l Vs l 2; 14,20] 
Eo%Co*C5*S4*C3%69*C2*C] *£) | [2,4,6,8,9,17,12,14,20] 
tor *[ En*Co*C5*(-S4)*C3*C2*S | #E) (2,3,5,7,10,18,12,14,20] 
E> *C6*C5#(-S4)*C3 #So*C1*&) [2,4,5,7, l 0, l 8, l La 14,20] 
E> *C6*C5*(-S4)*S3 #€> #(-S>)«S pe] [f3 els l 0, l 8, l 2, l 4,20] 
E> #*C6*C5+(-S4)*S3 *£9%C2*#C] *£ | [2 ,4,6,7, l 0, l 8, ] 2. l 4,20] 
€> #*C6*C5*C4*(-S3)*C2*S 1 *£] VASES l 0, l 8, l 2, 14,20] 
i) *C6*C5*Cq*(-S3)*S> C1 *£) [2,4,5,8, | 0, l 8, ] Z. l 4,20] 
Ene CoeC5*C4*C3*£> +(-S>)*sS j*E | 12.3 ,6,8, l 0, l 8, ] Z; l 4,20] 


Enel geC5*C4geC3 #69 *Cp*C] *£) | | (2,4,6,8,10,18,12,14,20] k 


i#s “ 3] —<s,[3 
B, =U,R; Ps = : “ . . hs = —_ Fs 
0 els, s,[4] c,[4] 


Thus, 
Pi7,11 = C2[3] Pisa + (-S2) [3] Pis.21 
P 17,12 = C€2[3] Pisi2 + (-S2) [3] Pis.22 
P1721 = 82 [4] Pisa + C2 [4] Pisai 


P 17,22 = S2 [4] Pis.i2 + C2 [4] Pis22 


Arrays of coefficients and phase indices for Pj7,1;, ( 128 terms each P}7,;; ) 


Pi711 = €2[3] Pisa + (-S2) [3] Pis.ai 


ai «| ty i*| C2*Ce*C5*C4q*C3*C oC] lb day) kad 1,13,19,3] 
C2*C6*C5*C4*C3*S>*(-S)) [1,4,5,7,9,15,1 1,13,19,3} 
C2*C6*C5*C4*S34E2*(-S)*C] 1 1,3,6,7,9,15,1 L l 319,31) 
C2*Co*C5*C4*S3*£2*C2*(-S) ) [1,4,6,7,9,15,11,13,19,3] 
Cr*CguCs#S4x(-S3)#C2*C} [1,3,5,8,9,15,11,13,19,3] 
C2*Co*C5*Sq*(-S3)*S2*(-S)) [1,4,5,8,9,15,11,13,19,3] 
C2*Cg*C5*S4*C3¥£2*(-S2)*C] [ l ,3,6,8,9, l oN 11 , l 3, l 9,3] 
CooignOqaBigetgs@yatye(-H1) [1,4,6,8,9,15,11,13,19,3] 


ti2 «[ 


tz; «| 


tr2 + | 


tii «| 


ti2 + | 
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C2*C6*C5#(-S4)*C3*C2*C] 
C2*Cg#C5*(-S4)*C3*S2*(-S)) 
C2*C6*C5+(-S4)*S3E2*(-S2)#C] 
C2*C6*C5#(-S4)*S3*£2*C2*(-S)) 
C2*C6*C5*Cq*(-S3)*C2*C] 
C2*Cg*C5*Cq*(-S3)*S2*(-S)) 
C2*Co*C5*Cq*C3*£2*(-S2)*Cy 
C2*Ce#C5*C4xC3*22*C2*(-S)) | 


C2*C6*S5*C4*C3*Co*C] 
C2*C6*S5*C4*C3*So*(-S) ) 
C2*C6*S5*C4*S34£2*(-S2)*C] 
C2*C5*S5*C4xS3*f2*C2*(-S)) 
C2*C6#S5*S4*(-S3)*C2*C| 
C2*C6¥S5#S4*(-S3)#S2*(-S)) 
C2*C6*S5*Sq*C3*£p*(-S)#C] 
C2*C6*S5*S4*C3*E2*C2*(-S/) | 


C2*CG#S5*(-S4)#C3*C2#C] 
C2*C6*S5*(-S4)*C3*S2*(-S)) 
C2*C6#S5*(-S4)*S3*E2*(-S2)*C} 
C2*C6*S5*(-S4)*S3*E2*C2*(-S/) 
C2*Cg*S5*C4*(-S3)*C2*C] 
C2*C6*S5*Cq*(-S3)*S2*(-S)) 
C2*Co*S5*Cq*C3*&o*(-S>)*Cy 
C2*C6*S5*C4*C34£2*Cp*(-S;) | 


C2*S6#(-S5)*CqxC3*C2*C| 
C2*S6*(-S5)*Cq*C3*S2*(-S)) 
C2*S6*(-S5)*C4*S3*0*(-S2)*C] 
C2*S6*(-S5)*C4*S3*£2*C2*(-S/) 
C2*S6*(-S5)*S4*(-S3)*C2*C] 
C2*S¢*(-Ss)*Sq*(-S3)*S2*(-S)) 
C2*S6*(-S5)*S4xC3%E2*(-S2)*C} 
C2*S6*(-S5)*S4*C3*£2*C2*(-S)) | 


C2*S6*(-S5)#(-S4)*C3#C2*C} 
C2*S6*(-S5)#*(-S4)*C3*S2*(-S)) 
C2*S6*(-S5)*(-S4)+*S3*E2*(-S2)*C} 
C2*S6*(-S5)*(-S4)*S3*E2*C2*(-S)) 
C2*S6#(-S5)*C4+(-S3)*C2*C 
C2*S6*(-S5)*C4*(-S3)*S2*(-S)) 


A-18 


[1,3,5,7,10,16,11,13,19,3] 
[1,4,5,7,10,16,11,13,19,3] 
[1,3,6,7,10,16,11,13,19,3] 
[1,4,6,7,10,16,11,13,19,3] 
[1,3,5,8,10,16,11,13,19,3] 
[1,4,5,8,10,16,11,13,19,3] 
[1,3,6,8,10,16,11,13,19,3] 
[1,4,6,8,10,16,11,13,19,3] 


[1,3,5,7,9,17,12,13,19,3] 
[1,4,5,7,9,17,12,13,19,3] 
[1,3,6,7,9,17,12,13,19,3] 
[1,4,6,7,9,17,12,13,19,3] 
[1,3,5,8,9,17,12,13,19,3] 
[1,4,5,8,9,17,12,13,19,3] 
[1,3,6,8,9,17,12,13,19,3] 
[1,4,6,8,9,17,12,13,19,3] 


[1,3,5,7,10,18,12,13,19,3] 
[1,4,5,7,10,18,12,13,19,3] 
[1,3,6,7,10,18,12,13,19,3] 
[1,4,6,7,10,18,12,13,19,3] 
[1,3,5,8,10,18,12,13,19,3] 
[1,4,5,8,10,18,12,13,19,3] 
[1,3,6,8,10,18,12,13,19,3] 
[1,4,6,8,10,18,12,13,19,3] _ 


[1,3,5,7,9,15,11,14,19,3] 
[1,4,5,7,9,15,11,14,19,3] 
[1,3,6,7,9,15,11,14,19,3] 
[1,4,6,7,9,15,11,14,19,3] 
[1,3,5,8,9,15,11,14,19,3] 
[1,4,5,8,9,15,11,14,19,3] 
[1,3,6,8,9,15,11,14,19,3] 
[1,4,6,8,9,15,11,14,19,3] 


[1,3,5,7,10,16,11,14,19,3] 
[1,4,5,7,10,16,11,14,19,3] 
[1,3,6,7,10,16,11,14,19,3] 
[1,4,6,7,10,16,11,14,19,3] 
[1,3,5,8,10,16,11,14,19,3] 
[1,4,5,8,10,16,11,14,19,3] 


tr: «| 


tr2 + | 


tii «| 


ti2 «| 


tr: «| 
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C2*S6*(-S5)*C4*C3*£2*(-S2)*C] 
C2*S6*(-S5)*C4*C3*E2*C2*(-S;) ] 


C2*S6*C5*C4*C3*C2*C] 
C2*S6*C5*C4*C3*S> +(-S | ) 
C2#S6*C5*C4*S34E2*(-S>)#C] 
C2*S6*C5*Cq*S3#E)*C2*(-S/) 
C2#S5*C5*S4*(-S3)*C2*C] 
C2*S6*C5*S4*(-S3)*S2*(-S) ) 
C2#S6*C5*S4*C3*p*(-S2)*C] 
C2*S6*C5*S4*C34E2*C7*(-S)) | 


C2¥*S6#C5*(-S4)*C3*C2*C} 
C2*S6*C5*(-S4)*C3*S2*(-S)) 
C2*S6*C5*(-S4)*S3*E2*(-S2)*C] 
C2#S6*C5*(-S4)*S3*£2*C2*(-S)) 
C2¥*S6#C5*C4x(-S3)*C2*C] 
C2*S6*C5*Cq*(-S3)*S2*(-S;) 
C2*S6*C5*C4*C34£2*(-S2)*C] 
C2*S6*C5#C4#C34E2*C2*(-S;) | 


E* E>«(- So )*C5*C4*C3*C2*C] 

Eo* Eo«(- S6)*C5*C4*C3*S2*(-S)) 
£9#(-S6)*C5*Cq*S3*E0*(-S2)*C} 
#£¥(-S6)*C5*C4+S3*E2*C2*(-S)) 
£*(-S6)*C5*S4x(-S3)*C2*C] 
€9*(-S6)*C5*S4*(-S3)*S2*(-5) ) 
2*(-S6)#C5*Sq*C3*£2*(-S2)*Cy 
ins 


— So )*C5*(-S4)*C3*C2*C] 
£o«(- S6)*C5*(-S4)*C3*S2*(- S)) 


*(-So)*C5*C4x(-S3)*C2*C; 

+(- S6)*C5*C4*(-S3)*S2*(- Si) 
+(- So )#C5*C4*C34£>*(- S2)*Cy 
¥£24(- 


€2* 
€2* 
*£ * 
€2* 
*£* 


*e «(-S6)*S5*C4q*C3*C2*C] 
«(- S6)*S5*C4*C3*S2*(- S;) 


ne a S6)*S5*C4*S34£0«(- -S>)#Cy 


Z 
€>s 


Sages a: ee 


A-19 


En«(- S6)*C5*S4*C34£2*C2*(- $1) | 


ent S6)*C5*(-S4)*S3*Eo*(- S>)*C} 
+(- S6)*C5*(-S4)*S3*22*C2+(- S|) 


S6)#C5*Cq*C3*£04*C2*(- S}) | 


[1,3,6,8,10,16,11,14,19,3] 
[1,4,6,8,10,16,11,14,19,3] 


[1,3,5,7,9,17,12,14,19,3] 
[1,4,5,7,9,17,12,14,19,3] 
[1,3,6,7,9,17,12,14,19,3] 
[1,4,6,7,9,17,12,14,19,3] 
[1,3,5,8,9,17,12,14,19,3] 
[1,4,5,8,9,17,12,14,19,3] 
[1,3,6,8,9,17,12,14,19,3] 
[1,4,6,8,9,17,12,14,19,3] 


[1,3,5,7,10,18,12,14,19,3] 
[1,4,5,7,10,18,12,14,19,3] 
[1,3,6,7,10,18,12,14,19,3] 
[1,4,6,7,10,18,12,14,19,3] 
[1,3,5,8,10,18,12,14,19,3] 
[1,4,5,8,10,18,12,14,19,3] 
[1,3,6,8,10,18,12,14,19,3] 
[1,4,6,8,10,18,12,14,19,3] _ fj 


[1,3,5,7,9,15,11,13,20,3] 
[1,4,5,7,9,15,11,13,20,3] 
[1,3,6,7,9,15,11,13,20,3] 
[1,4,6,7,9,15,11,13,20,3] 
[1,3,5,8,9,15,11,13,20,3] 
[1,4,5,8,9,15,11,13,20,3] 
[1,3,6,8,9,15,11,13,20,3] 
[1,4,6,8,9,15,11,13,20,3] 


[1,3,5,7,10,16,11,13,20,3] 
[1,4,5,7,10,16,11,13,20,3] 
[1,3,6,7,10,16,11,13,20,3] 
[1,4,6,7,10,16,11,13,20,3] 
[1,3,5,8,10,16,11,13,20,3] 
[1,4,5,8,10,16,11,13,20,3] 
[1,3,6,8,10,16,11,13,20,3] 
[1,4,6,8,10,16,11,13,20,3] 


[1,3,5,7,9,17,12,13,20,3] 
[1,4,5,7,9,17,12,13,20,3] 
[1,3,6,7,9,17,12,13,20,3] 


t22 «| 


ti *[ 


ti2 + | 


tr; «[ 


NAWCWD TP 8592 


(-S2)*£2*(-So)*S5*Cq*S3+E2*C2*(-S)) 
(-S2)*E2*(-So)*S5+S4x(-S3)*C2*C} 
(-S2)*£2*(-S¢)*S5+S4*(-S3)*S2*(-S)) 
(-S2)*£2*(-S6)*S5*S4*C3*£2*(-S2)*Cy 
(-S2)#£2«(-S6)*S5*Sq*C3*E2*C2*(-S;) | 


(-S2)*£2*(-S¢)*S5*(-S4)*C3*C2*C| 
(-S2)*E2*(-S6)#*S5*(-S4)*C3*S2*(-S)) 
(-S2)*€2*(-S6)*S5*(-S4)*S3*E2*(-S2)#C] 
(-S2)*£2*(-So)*S5#(-S4)*S3*£2*C2*(-S) ) 
(-S2)*€*(-So)*S5*Cq*(-S3)*C2*C] 
(-S2)*£2*(-S5)*S5*C4*(-S3)*S2*(-S)) 
(-S)*€*(-S6)*S5#C4*C3+£2*(-S2)+C] 
(-S2)*Eo*(-S6)*S5*C4*C3*£o*C2*(-5)) | 


~S2)#E2*Coa(-Ss)#C4#C3#C2*C} 

-S))*€ 2* *Cg+(- S5)*C4*C3*Sa(- S|) 
~S2)*E2*Co*(-Ss)*CqeS34&24(-S2)*C 
~S2)¥E2*CG*(-S5)*C4xS3+E2*C2*(-S | ) 
(- 2 )*E2*C6e(-S5)*Sq*(-S3)*C2*C} 
(-S2)*€*C6*(-S5)*S4*(-S3)*So*(-S)) 
(-S2)*E2*Co*(-S5)*S4*C3*£*(-S>)#C] 
(-S2)*£2*C6*(-S5)*Sq*C3*Eo4C2«(-S;) | 


‘ee oN ee 


(-S2)#£o*Co«(-S5)*(-S4)*C3*C2*C} 
(-S2)*€2*Cg*(-Ss)#(-S4)*C3*S2*(-S)) 
(-S2)*€2*C6*(-S5)*(-Sq)*S3*E2*(-S2)«Cy 
(-S2)*E2*Co*(-Ss5)*(-S4)*S3*22*C2*(-S)) 
(-S2)*E2*C6*(-S5)*Cq*(-S3)*Co*C} 
(-S2)*#£2*C6*(-S5)*Cq*(-S3)*So*(-S)) 
(-S2 )*E2*C6*(-S5)*CqxC34E2*(-S2)*C] 
(-S2)#£2*Cg*(-S5)*C4*C3*E2*C2*(-S)) ] 


(-S2)*E2*Cg*C5*Cq*C3*C2*C] 
(-S2)*E2*C6*C5*C4*C3*52*(-S;) 
(-S2)*E2*C6*C5*Cq*S3*£2*(-S2)*C} 
(-S2)*£2*Co#C5+*C4xS34E2*C2*(-S)) 
(-S2)*En*Co*C5*S4*(-S3)*C2*C] 
(-S2)*£2*C5*C5+*S4+(-S3)*S*(-S)) 
(-S2)*Ep*CoxC5*S4xC34£0*(-S2)*C] 
(-S2)*Eo*Cg*C5*S4*C3*£2*C2*(-S)) | 


A-20 


[1,4,6,7,9,17,12,13,20,3] 
[1,3,5,8,9,17,12,13,20,3] 
[1,4,5,8,9,17,12,13,20,3] 
[1,3,6,8,9,17,12,13,20,3] 
[1,4,6,8,9,17,12,13,20,3] 


[1,3,5,7,10,18,12,13,20,3] 
[1,4,5,7,10,18,12,13,20,3] 
[1,3,6,7,10,18,12,13,20,3] 
[1,4,6,7,10,18,12,13,20,3] 
[1,3,5,8,10,18,12,13,20,3] 
[1,4,5,8,10,18,12,13,20,3] 
[1,3,6,8,10,18,12,13,20,3] 
[1,4,6,8,10,18,12,13,20,3] _ 


[1,3,5,7,9,15,11,14,20,3] 
[1,4,5,7,9,15,11,14,20,3] 
[1,3,6,7,9,15,11,14,20,3] 
[1,4,6,7,9,15,11,14,20,3] 
[1,3,5,8,9,15,11,14,20,3] 
[1,4,5,8,9,15,11,14,20,3] 
[1,3,6,8,9,15,11,14,20,3] 
[1,4,6,8,9,15,11,14,20,3] 


[1,3,5,7,10,16,11,14,20,3] 
[1,4,5,7,10,16,11,14,20,3] 
[1,3,6,7,10,16,11,14,20,3] 
[1,4,6,7,10,16,11,14,20,3] 
[1,3,5,8,10,16,11,14,20,3] 
[1,4,5,8,10,16,11,14,20,3] 
[1,3,6,8,10,16,11,14,20,3] 
[1,4,6,8,10,16,11,14,20,3] 


[1,3,5,7,9,17,12,14,20,3] 
[1,4,5,7,9,17,12,14,20,3] 
[1,3,6,7,9,17,12,14,20,3] 
[1,4,6,7,9,17,12,14,20,3] 
[1,3,5,8,9,17,12,14,20,3] 
[1,4,5,8,9,17,12,14,20,3] 
[1,3,6,8,9,17,12,14,20,3] 
[1,4,6,8,9,17,12,14,20,3] 


tro « [ 


Arrays of coefficients and phase indices for P7,12. 


NAWCWD TP 8592 


(-S2)*E2*C6*C5+(-S4)*C3*C2*C] 
(-S2)*Eo*C6*C5#(-S4)*C3*S2*(-S)) 
(-S2)*£> *C6*C5*(-S4)*S3 #£ *(-S2)*Cy 
(-S2 )£> *C6*C5*(-S4)#S3 1 *C2+(-S I ) 
(-S2)*£2*C6*C5*C4x(-S3)*C2*C] 
(-S2)*£2*C6*C5*C4*(-S3)*S*(-S) ) 
(-S2)*€> #C6*C5*C4*C3 48> *(-S>)*C] 
(-S2)*&> *C6*C5*C4*C348> *C2*(-S l ) | ] 


P17,12 = C2[3] Pisi2 + (-S2) [3] Pis.22 


red +[ trp*| Co*Co*C5*C4q4C3*Co*S | +f | 


ti2 «| 


tr: «[ 


C2*C6#C5*C44C3#S9%C] #&| 
C2*Cg*C5*Cq*S34£*(-S2)4S | *€) 
C2*C6*C5*C4*S3%69*Co4C) #£) 
C2*C6*C5*S4*(-S3)*C2#S | #€ | 
C2#*Co#C5*S4x(-S3)#S2*C] +E 
C2*C6*C5*S4*C3 48 *(-S2)*S) *E) 
C2*CoxCs*SqxC3*Ep*Cz*Cj xe) | 


C2*C6*C5*(-S4)*C3*C2* S) +E) 
C2#C6*C5#(-S4)#C3 #S2*C] +E 
C2*C6xC5#(-S4)*S3*22*(-S2)#S | ¥| 
C2#Co#C5*(-S4)*S3#82*C2*C] +E | 
C2#*C6*C5*C4x(-S3 )*C2S | ¥E | 
C2*C6#C5*Cqe(-S3)*S2*C] #2) 
C2#Co#C5*Cq*C3+£2*(-S2 )#S | #€ | 
Co*ConC5*CqxC3¥E "CoC +E) | 


C2*C6*85*C4*C34*C2¥5 | #f | 
C2*C6*S5*C4*C3 45240] #0) 
C2*C6*85*C4*S34£2*(-S2)#5 | #E | 
C2*C6*S5*C 4483407 *C2#C] #0) 
C2*C6#S5+*S4*(-S3)*C2*S | #£ 
C2*C64S5#S4e(-S3)#S2#C] ¥E | 
C2#C6*S5+*S4*C3+£2*(-S2)#S | #E | 
Co*Co*S5*SqeCz4E7*C2*C+e) | 


A-2] 


[1,3,5,7,10,18,12,14,20,3] 
[1,4,5,7,10,18,12,14,20,3] 
[1,3,6,7,10,18,12,14,20,3] 
[1,4,6,7,10,18,12,14,20,3] 
[1,3,5,8,10,18,12,14,20,3] 
[1,4,5,8,10,18,12,14,20,3] 
[1,3,6,8,10,18,12,14,20,3] 


[1,4,6,8,10,18,12,14,20,3] | Bf 


| Mg d5s Lys bded Lyk D5 9,3 | 


[2,4,5,7,9,15,11,13,19,3] 
[2,3,6,7,9,15,11,13,19,3] 
[2,4,6,7,9,15,11,13,19,3] 
[2,3,5,8,9,15,11,13,19,3] 
[2,4,5,8,9,15,11,13,19,3] 
[2,3,6,8,9,15,11,13,19,3] 
[2,4,6,8,9,15,11,13,19,3] 


[2,3,5,7,10,16,11,13,19,3] 
[2,4,5,7,10,16,11,13,19,3] 
[2,3,6,7,10,16,11,13,19,3] 
[2,4,6,7,10,16,11,13,19,3] 
[2,3,5,8,10,16,11,13,19,3] 
[2,4,5,8,10,16,11,13,19,3] 
[2,3,6,8,10,16,11,13,19,3] 
[2,4,6,8,10,16,11,13,19,3] 


[2,3,5,7,9,17,12,13,19,3] 
[2,4,5,7,9,17,12,13,19,3] 
[2,3,6,7,9,17,12,13,19,3] 
[2,4,6,7,9,17,12,13,19,3] 
[2,3,5,8,9,17,12,13,19,3] 
[2,4,5,8,9,17,12,13,19,3] 
[2,3,6,8,9,17,12,13,19,3] 
[2,4,6,8,9,17,12,13,19,3] 


t22 «| 


tii *[ 


ti2 «| 


tz; «| 


tr2 + | 


NAWCWD TP 8592 


C2*Co#S5#(-S4)*C3*C2#5 | #f) 
C2*C6*S5*(-S4)*C3*S2#Cy€ 
C2*C6¥S5#(-S4)#S3#E24(-S2)#S | ¥E| 
C2*C6¥S5#(-S4)*S3#E2*C QC] #€ 
C2*C6*S5*Cq*(-S3)#C2#S | ¥f | 
C2*C6xS5*C4x(-S3)*S2*C] #E) 
C2*C6*S5*C4*C34£0*(-S2)#S) +E) 
C2*CoxS5*CqeC3*E0*C2*Cj*e) | 


C2*S6%(-S5)*C4xC3*C2#S | ¥€ | 
C2*S6*(-S5)*C4*C3 #So*Cp*£) 
C2*S6*(-S5)*C4*S34E2*(-S2)#S | #€ 
C2*S6*(-S5)*C4*S3+£2*C2*C] #E | 
C2*S6*(-S5)*S4*(-S3)*C2*S | ¥€ | 
C2*S6*(-S5)*Sq*(-S3)*S2*C] a 
C2*S6*(-S5)*S4*C3*E2*(-S2)*S j +E 
C2¥S6*(-S5)*Sq*C3*E2*C2*C +E) | 


C2*S6*(-S5)*(-Sq)#C3*C2#S | #f | 
C2*S6*(-S5)#*(-S4)*C3*S2*C] *E 


C2*S6*(-S5)#(-S4)*S3#E2*(-S2)#S | *E) 


C2¥S6#(-S5)*(-S4)#S3*£2*C2#C 1 +E 
C2*S6*(-S5)*C4x(-S3)*C2*S | #E) 
C2*Sg*(-S5)*Cq*(-S3)*S2*C] +E) 
C2*S6#(-S5)*C4*C3*£*(-S2 «Sj +E) 
C2*S6*(-S5)*C4*C3*E2*Cz*Cj*&) | 


C2*S6*C5*C4#C3#C2#5 | *£) 
C2*S6*C5*C4*C3*So¥"C] ¥&) 
C2*Sp*C5#C4*S3#£2*(-S2)*S | +€ 
C2*S6*C5*C44S3%E 7 *C2*C] *&| 
C2*S6*C5*S4(-S3)*C2*S | #E) 
C2*So*C5*S4x(-S3)*S2*Cy +E) 
C2*S6*C5*S4*C34£0 #«(-S2)*S| *E | 
C2*S6*C5*S4*C3*E2*C2*Cj +E) | 


C2*S6#C5#(-S4)*C3*C245 *€ 
C2¥S6*C5*(-S4)*C3* Sr¥Cj ¥€| 
C2*S6*C5*(-S4)*S3#£0*(-S2)#S | | 
C2#S6*C5#(-S4)*S3*£2*C2*C]*e | 


A-22 


[2,3,5,7,10,18,12,13,19,3] 
[2,4,5,7,10,18,12,13,19,3] 
[2,3,6,7,10,18,12,13,19,3] 
[2,4,6,7,10,18,12,13,19,3] 
[2,3,5,8,10,18,12,13,19,3] 
[2,4,5,8,10,18,12,13,19,3] 
[2,3,6,8,10,18,12,13,19,3] 
[2,4,6,8,10,18,12,13,19,3] _ 


[2,3,5,7,9,15,11,14,19,3] 
[2,4,5,7,9,15,11,14,19,3] 
[2,3,6,7,9,15,11,14,19,3] 
[2,4,6,7,9,15,11,14,19,3] 
[2,3,5,8,9,15,11,14,19,3] 
[2,4,5,8,9,15,11,14,19,3] 
[2,3,6,8,9,15,11,14,19,3] 
[2,4,6,8,9,15,11,14,19,3] 


[2,3,5,7,10,16,11,14,19,3] 
[2,4,5,7,10,16,11,14,19,3] 
[2,3,6,7,10,16,11,14,19,3] 
[2,4,6,7,10,16,11,14,19,3] 
[2,3,5,8,10,16,11,14,19,3] 
[2,4,5,8,10,16,11,14,19,3] 
[2,3,6,8,10,16,11,14,19,3] 
[2,4,6,8,10,16,11,14,19,3] 


[2,3,5,7,9,17,12,14,19,3] 
[2,4,5,7,9,17,12,14,19,3] 
[2,3,6,7,9,17,12,14,19,3] 
[2,4,6,7,9,17,12,14,19,3] 
[2,3,5,8,9,17,12,14,19,3] 
[2,4,5,8,9,17,12,14,19,3] 
[2,3,6,8,9,17,12,14,19,3] 
[2,4,6,8,9,17,12,14,19,3] 


[2,3,5,7,10,18,12,14,19,3] 
[2,4,5,7,10,18,12,14,19,3] 
[2,3,6,7,10,18,12,14,19,3] 
[2,4,6,7,10,18,12,14,19,3] 


tii «| 


tio «| 


tz; + [ 


t22 + [ 


NAWCWD TP 8592 


C2*S6*C5*C4*(-S3)*C25 | #€ 
C2*S6*C5*Cqe(-S3)*S2*C] +E 
C2*S6*C5*C4*C3*£9 +(-S2)*S) #E | 
C2*S6*C5*C4*C3*£p*C2*Cj +E) | 


(-S2)*€> #(-S6)*#C5*C4*C3*C2#5S | #f | 
(-S2)*£2*(-Sg)*C5*C4*C3*S2*C] ¥€ | 
(-S2)*E2*(-S6)*C5*C4+S3+E*(-S2)*S | #€) 
(-S2)*€>#(-S6)*C5*CqxS3+22*C7*C] ¥€ | 
(-S2)*E*(-So)*C5*S4x(-S3)*C2*S | #€ | 
(-S2)*€2*(-S¢)*C5*S4*(-S3)*S2*C] +E | 
(-S2)*€2*(-S6)*C5*S4*C3+Eo*(-S2)aS | #€) 
(-S2)*€2*(-S6)*C5*S4*C3+E2*C2+*Cj +E) | 


(-S2)*E2*(-S6)*C5#(-S4)*C3*C2* S| *E| 
(-S2)*£2#(-S6)*C5#(-S4)#C34S2*C1 4€ 


(-S2)*E*(-S6)*C5*(-S4)#S3*Eo«(-S2)*S | *E) 


(-S2)*E2*(-S¢)*C5*(-S4)*S3#E2*C2*C) +E | 
(-S2)*€2#(-S6)*C5*Cqx(-S3)*C2+5 | «€ | 
(-S2)*€2*(-S6)*C5*C4x(-S3)*S2*C] #e | 
(-S2)*£2*(-S6)*C5*C4*C3*£2*(-S2)#S) *E) 
(-S2)*&2*(-S6)*C5*Cq*C34£2*C2*Cj*e) | 


(-S2)*E2*(-S6)*S5*C4*C3*C2*S | #E 
(-S2)*&> «(-S6)*S5 #C4*C3*597*C]*£) 
(-S2)*€*(-S6)*S5*C4*S3*£2*(-S2)*S) #€ 
(-S2)*o*(-S6)*Ss*C4qxS34E2*C2*C] +€) 
(-S2)*£2*(-So)*S5*S4x(-S3)*C2+S | +E | 
(-S2)*E2*(-S6)*S5*Sq*(-S3)*S2*C1 +€ 
(-S2)*€2*(-S6)*S5*S4*C3+22*(-S2)*S | #€ 
(-S2)*&2*(-S¢)*S5+SqxC3+E2*C2*C 148) | 


(-S2)*€2*(-S6)*S5*(-S4)*C3+C2#5 | #&| 
(-S2)*£2#(-S6)*S5*(-S4)*C3*S2*C] +E) 


(-S2)*E*(-S¢)*S5*(-S4)#S3#E2#(-S2 )*S) #E | 


(-S2)*E2*(-S6)*S5*(-S4)*S3*E2*C2*C] *E) 
(-S2)*£2*(-S6)*S5*Cq*(-S3)*C2*S | +f) 
(-S2)*€> *(-S6)*S5*C4*(-S3)*S> *C1*O) 
(-S2)*E0*(-S6)*S5*C4xC3#£0*(-S2)#S | #€) 
(-S2)*&2*(-S6)*S5*Cq*C3*E2*C2*Cy*E) | 


A-23 


[2,3,5,8,10,18,12,14,19,3] 
[2,4,5,8,10,18,12,14,19,3] 
[2,3,6,8,10,18,12,14,19,3] 


[2,4,6,8,10,18,12,14,19,3] | f 


[2,3,5,7,9,15,11,13,20,3] 
[2,4,5,7,9,15,11,13,20,3] 
[2,3,6,7,9,15,11,13,20,3] 
[2,4,6,7,9,15,11,13,20,3] 
[2,3,5,8,9,15,11,13,20,3] 
[2,4,5,8,9,15,11,13,20,3] 
[2,3,6,8,9,15,11,13,20,3] 
[2,4,6,8,9,15,11,13,20,3] 


[2,3,5,7,10,16,11,13,20,3] 
[2,4,5,7,10,16,11,13,20,3] 
[2,3,6,7,10,16,11,13,20,3] 
[2,4,6,7,10,16,11,13,20,3] 
[2,3,5,8,10,16,11,13,20,3] 
[2,4,5,8,10,16,11,13,20,3] 
[2,3,6,8,10,16,11,13,20,3] 
[2,4,6,8,10,16,11,13,20,3] 


[2,3,5,7,9,17,12,13,20,3] 
[2,4,5,7,9,17,12,13,20,3] 
[2,3,6,7,9,17,12,13,20,3] 
[2,4,6,7,9,17,12,13,20,3] 
[2,3,5,8,9,17,12,13,20,3] 
[2,4,5,8,9,17,12,13,20,3] 
[2,3,6,8,9,17,12,13,20,3] 
[2,4,6,8,9,17,12,13,20,3] 


[2,3,5,7,10,18,12,13,20,3] 
[2,4,5,7,10,18,12,13,20,3] 
[2,3,6,7,10,18,12,13,20,3] 
[2,4,6,7,10,18,12,13,20,3] 
[2,3,5,8,10,18,12,13,20,3] 
[2,4,5,8,10,18,12,13,20,3] 
[2,3,6,8,10,18,12,13,20,3] 
[2,4,6,8,10,18,12,13,20,3] _ 
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tir *[ (-S2)*E2* Co*(-S5)*Cq*C3*Cz*5) #€) 
(-S2)*€2*C6*(-S5)*C4*C3#S7*C] +€ 


(-S2)*E2*C6#(-Ss)*Cq*S3*E2*(-S2)*5 | + 


(-S2)*£> *C6#(-S5)*C4*S3¥£2 *#C2*C1#£) 
(-S2)*£> *C6#(-S5)*S4*(-S3)*C2*S jx] 
(-S2)*E2*C6«(-S5)*S4*(-S3)#S2*C] +E) 


(-S2)*E2*Cg«(-S5)*S4*C3*£2*(-S2)#S)*€ 
(-S2)*E2*C6*(-S5)*Sq*C3*E2¥"C2*C +E) | 


tiz*[  (-S2)*E2*Cox(-S5)*(-S4)*C3*C2*S) #€; 
(-S2)*E2*C6#(-S5)#(-S4)*C3*So#C] +E 


(-S2)*E2*Cg*(-S5)#*(-S4)*S3*E2*(-S2)*Sj +E 
(-S2)#Ep*Co*(-S5)*(-S4)*S3*E2*C2*C] #€| 


(-S2)*£2*Cg*(-Ss5)*C4*(-S3)*C2*5 jE) 
(-S2)*£2*C6*(-S5)*C4x(-S3)*S2#C] +E; 


(-S2)*&> *C6*(-S5)*Cq*C3 #£5 #(-S>)*s j*E) 
(-S2)*E2*C6*(-S5)*Cq*C3*E2*C2*Ci +E) | 


toy *[  (-S2)#E2*Co*Cs*CqxCz C245 | #E | 
(-S2)#€2*CgaC5aCqeC34S2*C]*€ | 


(-S2)*£2*Co*Cs*Cq*S34£2*(-S2)*S) +E) 
(-S2)*Ep4CoxC5C4#S3¥E04C7*C 1 4&) 
(-S2)*&> *C6*C5+*S4*(-S3)*C2*S j#l} 
(-S2)*£> *C6*C5*S4*(-S3)#S> Cp +0) 
(-S2)*E9*C6*C5*S4*C3#£0*(-S>)#S jE) 
(-S2)*£2*Co*C5*S4*C3*Eo*C24C +E) | 


to2 *[  (-S2)#E2"Co*C5*(-S4)*C3*C2#S | #f) 
(-S2)¥E2*C6*C5#(-S4)*C3#S2*C] +€ 


(-S2)*€2*C6*C5*(-S4)*S3*E2*(-S2)#S | #E | 


(-S2)*E2*CoxC5«(-S4)*S3¥E2*C2*C] +E) 
(-S2)*E2*C6*C5*Cq*(-S3)*C2*S | #E) 
(-S2)*E2*Co#C5*Cqe(-S3)*S2¥C] ¥€ | 
(-S2)*E2*C6*C5*Cq*C3*£*(-S2 Sj *E| 


(-S2)*£> #C6*C5*C4*C3*b9*C2*Cy +b | ] ] 


Arrays of coefficients and phase indices for P;7,21. 


P3721 = S2 [4] Pis.i + ¢2 [4] Pis.ai 


A-24 


[2,3,5,7,9,15,11,14,20,3] 
(2,4,5,7,9,15,11,14,20,3] 
(2,3,6,7,9,15,11,14,20,3] 
(2,4,6,7,9,15,11,14,20,3] 
[2,3,5,8,9,15,11,14,20,3] 
[2,4,5,8,9,15,11,14,20,3] 
[2,3,6,8,9,15,11,14,20,3] 
[2,4,6,8,9,15,11,14,20,3] 


[2,3,5,7,10,16,11,14,20,3] 
[2,4,5,7,10,16,11,14,20,3] 
[2,3,6,7,10,16,11,14,20,3] 
[2,4,6,7,10,16,11,14,20,3] 
[2,3,5,8,10,16,11,14,20,3] 
[2,4,5,8,10,16,11,14,20,3] 
[2,3,6,8,10,16,11,14,20,3] 
[2,4,6,8,10,16,11,14,20,3] 


[2,3,5,7,9,17,12,14,20,3] 
[2,4,5,7,9,17,12,14,20,3] 
[2,3,6,7,9,17,12,14,20,3] 
[2,4,6,7,9,17,12,14,20,3] 
[2,3,5,8,9,17,12,14,20,3] 
[2,4,5,8,9,17,12,14,20,3] 
[2,3,6,8,9,17,12,14,20,3] 
[2,4,6,8,9,17,12,14,20,3] 


[2,3,5,7,10,18,12,14,20,3] 
[2,4,5,7,10,18,12,14,20,3] 
[2,3,6,7,10,18,12,14,20,3] 
[2,4,6,7,10,18,12,14,20,3] 
[2,3,5,8,10,18,12,14,20,3] 
[2,4,5,8,10,18,12,14,20,3] 
[2,3,6,8,10,18,12,14,20,3] 


[2,4,6,8,10,18,12,14,20,3] | AE 
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1 *[ tip*[| So*Cg*C5*CqxC3*C2*C] 


ti2 +[ 


tr; «| 


t22 «| 


tii *[ 


S2*C6#C5*C4*C3 +S *(-S) ) 

SoC oeC5#Cq4S34£2*(-So)*Cy 
S2*C6*C5*C4*S3*£2*C2*(-S) ) 
So*CexC5*84+(-S3)*C2*C] 
S2*C6*C5*S4*(-S3)*So*(-S)) 
S2*Cg*C5*S4*C3*£2*(-So)#C] 
So*CgxC5*S4*C3*£2*C2*(-S)) ] 


S2*C6aC5*(-S4)*C3*C2*C 
S2*C6*C5*(-S4)*C3*So*(-S)) 
S2*Co*C5*(-S4)*S3*E2*(-S2)#C] 
S2*Co*C5*(-S4)*S3*f2*C2*(-S)) 
S2*Cg*C5*C4*(-S3)*C2#C] 
S2*Co*C5*C4x(-S3)*S2*(-S) ) 
S2*Co*C5*C4*C3*€2*(-So)*C] 
So*Cg*C5*CqeC3#£0%C2+(-S)) | 


So*C6*S5*C4*C3*C2*C] 
So*C6*S5*C4*C3*S2*(-S)) 
S2*Co#Ss#C4*S3¥£p*(-S2)*C] 
So *C6*S5*C4*S3*£2*C2*(-S)) 
S2*C6*S5*Sq*(-S3)*C2*C] 
S2*C6*S5*S4*(-S3)*S2*(-S)) 
So*C6*S5*S4*C3*£0*(-S2)*C] 
S2*Cg*S5*Sq*C3*£0*C2*(-S)) | 


S2*C6*S5*(-S4)*C3*C2*C| 
S2*Cg*S5*(-S4)*C3*S2*(-S)) 
S2*Co*S5*(-S4)*S3*£2*(-S2)*C} 
S2*Co#85#(-S4)*S3*E2*C2*(-S) ) 
S2*C6*S5*C4x(-S3)*C2*C} 
S2*C6*S5*C4*(-S3)*S2*(-S;) 
S2*C6*S5*C4*C3*£«(-S>)+C] 
S2*C6*S5*C4xC3%£0*C2*(-S;) | 


S2*Sg*(-S5)*C4*C3*C2*Cy 
So*S6*(-S5)*Cq*C3*S2*(-S) ) 
S2*S6*(-S5)*C4*S3*£2*(-S2)*C} 
S2*S6*(-S5)*C4xS3+*£2*C2*(-S) ) 
So*86*(-S5)*Sq*(-S3)*C2*C} 
S2*S6*(-Ss)*Sq*(-S3)*S2*(-S)) 


A-25 


Ly dited yk oyd dah hoe 


[1,4,5,7,9,15,11,13,19,4] 
[1,3,6,7,9,15,11,13,19,4] 
[1,4,6,7,9,15,11,13,19,4] 
[1,3,5,8,9,15,11,13,19,4] 
[1,4,5,8,9,15,11,13,19,4] 
[1,3,6,8,9,15,11,13,19,4] 
[1,4,6,8,9,15,11,13,19,4] 


[1,3,5,7,10,16,11,13,19,4] 
[1,4,5,7,10,16,11,13,19,4] 
[1,3,6,7,10,16,11,13,19,4] 
[1,4,6,7,10,16,11,13,19,4] 
[1,3,5,8,10,16,11,13,19,4] 
[1,4,5,8,10,16,11,13,19,4] 
[1,3,6,8,10,16,11,13,19,4] 
[1,4,6,8,10,16,11,13,19,4] 


[L Spats Pak Pgh yl Syd OF) 
[1,4,5,7,9,17,12,13,19,4] 
(15,6, 1,951 712,153,194) 
[1,4,6,7,9,17,12,13,19,4] 
[1,3,5,8,9,17,12,13,19,4} 
[1,4,5,8,9,17,12,13,19,4] 
[1,3,6,8,9,17,12,13,19,4] 
[1,4,6,8,9,17,12,13,19,4] 


[1,3,5,7,10,18,12,13,19,4] 
[1,4,5,7,10,18,12,13,19,4] 
[1,3,6,7,10,18,12,13,19,4] 
[1,4,6,7,10,18,12,13,19,4] 
[1,3,5,8,10,18,12,13,19,4] 
[1,4,5,8,10,18,12,13,19,4] 
[1,3,6,8,10,18,12,13,19,4] 
[1,4,6,8,10,18,12,13,19,4] _ 


[1,3,5,7,9,15,11,14,19,4] 
[1,4,5,7,9,15,11,14,19,4] 
[1,3,6,7,9,15,11,14,19,4] 
[1,4,6,7,9,15,11,14,19,4] 
[1,3,5,8,9,15,11,14,19,4] 
[1,4,5,8,9,15,11,14,19,4] 


ti2 *| 


tr; «| 


to2 «| 


tii «| 


ti2 «| 
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S2¥S6*(-S5)#S4#C3*Er«(-S2)*Cy 
S2*S6*(-S5)*S4q*C3*Ep"C*(-S;) | 


So*S6*(-S5)*(-S4)*C3*C2*C} 
So*S6*(-S5)*(-S4)*C3*S2+(-S)) 
S2*S6*(-S5)*(-S4)*S3*E2*(-S2)+C] 
S2*S6*(-S5)*(-S4)*S3*22*C2*(-S)) 
S2*S6*(-S5)*C4*(-S3)*C2*C] 
S2*S6*(-Ss)*C4*(-S3)*S2*(-S)) 
S2*S6*(-S5)*C4*C3#£o*(-S2)*C] 
S2#S6*(-S5)*Cq*C3*E2*C2*(-S;) | 


S2*S6*C5*C4*C3*Cp*C] 
S2*S6*C5*C4*C3*S2*(-S)) 

S2 #*S6*C5*C4*S34£ *(-S>)*C] 
S2*S6*C5*C4*S3*&2 *C2+(-S | ) 
S2*S6*C5*S4+(-S3)*C2*Cy 
S2*S6*C5*S4*(-S3)*So*(-S 1) 
S2*Sg*C5*S4*C3*£o«(-S)*C] 
S2*S6*C5*S4*C3 "£2 *C2*(-S)) | 


S2*S6*C5*(-S4)*C3+*C2*C| 
S2*S6xC5*(-S4)*C3*S2*(-S)) 
So*S6*C5*(-S4)*S3*E0*(-S2)*C] 
S? #*So*C5*(-S4)*S34£> *C2*(-S | ) 
S2*S*C5*Cq*(-S3)*C2*Cy 
S2*S6*C5*Cq*(-S3)*S2*(-S)) 
S2*S6*C5*C4*C3#£2*(-S2)*Cy 
S2*S6*C5*Cq*C3*£9*C2*(-S)) | 


C2*£2*(-S6)*C5*C4*C3*C2*C] 
C2*£9*(-S¢)*C5*C4*C3*S2*(-S)) 
C2*£*(-S6)*C5*C4*S3*£2*(-S2)*Cy 
C2*E0*(-S6)*C5*CqxS3*2*C2*(-S)) 
C2*£*(-S6)*C5+*Sq*(-S3)*C2*C] 
C2*£9*(-S6)*C5*S4+(-S3)*S2*(-S)) 
C2#£7*(-S6)*C5*S4xC3*£9*(-S2)*Cy 


C2*£0*(-S6)*C5*S4*C3*22*C2*(-S) ) | 


C2*&2#(-S6)*C5*(-S4)*C3*C2*C] 
C2*E> +(-S6)*C5+(-S4)*C3 #59 +(-S | ) 


C2*E9#(-So)*C5#(-S4)*S3*E2*(-S2)*Cy 


A-26 


[1,3,6,8,9,15,11,14,19,4] 
[1,4,6,8,9,15,11,14,19,4] 


[1,3,5,7,10,16,11,14,19,4] 
[1,4,5,7,10,16,11,14,19,4] 
[1,3,6,7,10,16,11,14,19,4] 
[1,4,6,7,10,16,11,14,19,4] 
[1,3,5,8,10,16,11,14,19,4] 
[1,4,5,8,10,16,11,14,19,4] 
[1,3,6,8,10,16,11,14,19,4] 
[1,4,6,8,10,16,11,14,19,4] 


[1,3,5,7,9,17,12,14,19,4] 
[1,4,5,7,9,17,12,14,19,4] 
[1,3,6,7,9,17,12,14,19,4] 
[1,4,6,7,9,17,12,14,19,4] 
[1,3,5,8,9,17,12,14,19,4] 
[1,4,5,8,9,17,12,14,19,4] 
[1,3,6,8,9,17,12,14,19,4] 
[1,4,6,8,9,17,12,14,19,4] 


[1,3,5,7,10,18,12,14,19,4] 
[1,4,5,7,10,18,12,14,19,4] 
[1,3,6,7,10,18,12,14,19,4] 
[1,4,6,7,10,18,12,14,19,4] 
[1,3,5,8,10,18,12,14,19,4] 
[1,4,5,8,10,18,12,14,19,4] 
[1,3,6,8,10,18,12,14,19,4] 


[1,4,6,8,10,18,12,14,19,4] | ff 


[1,3,5,7,9,15,11,13,20,4] 
[1,4,5,7,9,15,11,13,20,4] 
[1,3,6,7,9,15,11,13,20,4] 
[1,4,6,7,9,15,11,13,20,4] 
[1,3,5,8,9,15,11,13,20,4] 
[1,4,5,8,9,15,11,13,20,4] 
[1,3,6,8,9,15,11,13,20,4] 
[1,4,6,8,9,15,11,13,20,4] 


[1,3,5,7,10,16,11,13,20,4] 
[1,4,5,7,10,16,11,13,20,4] 
[1,3,6,7,10,16,11,13,20,4] 


tr; «| 


tr2 «| 


tii «| 


tir + | 
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C2#£2*(-S6)*C5#(-S4)*S3#E2*C2*(-S)) 
C2*£9#(-S6)*C5*C4*(-S3)*C2*Cj 
C2#£7*(-S6)*C5*C4x(-S3)*S2*(-S)) 
C2*E*(-So)*C5*C4*C3*£2*(-S2)*C] 
C2*£9*(-S6)*C5*C4*C3*E2*C2*(-S;) | 


C2*E9*(-S6)*S5*C4*C3*C2*C] 
C2*&2*(-S6)*S5*C4*C3+S2*(-S)) 
C2#£9*(-S6)*S5*C4*S3*£2*(-S2)*C] 
C2*£2*(-S6)*S5*C4*S3+£2*C2*(-S) ) 
C2*E9*(-S6)*S5*Sq(-S3)*C2*C] 
C2¥E2*(-So)*S5+*S4*(-S3)*S2*(-S)) 
C2*E*(-S6)*S5*S4*C3*£2*(-S2)*C] 
C2*E#(-S6)*S5*S4#C3¥E2*C2*(-S) ) | 


C2¥E9*(-S6)*S5*(-S4)*C3*C2*C} 
C2*£#(-S6)*S5*(-S4)*C3*S2*(-S)) 
C2¥E2*(-S6)*S5+(-S4)*S3+E2*(-S2)*C] 
C2*£2*(-S¢)*S5*(-S4)*S3*£2«C2*(-S)) 
CE 2*(-S6)*S5*C4x(-S3)*C2*C; 
Ca*&o*(-So)*S5*C4*(-S3)*S2*(-S)) 
C2*£0*(-S6)*S5*C4*C34£ *(-S2)*Cy 
C2*E>*(-S6)*S5*Cq*C34£*C2*(-S)) ] 


C2*£2*C6x(-S5)*C4*C3*C2*C} 
C2*£9*C6*(-S5)*C4*C3*S2*(-S) ) 
C2*E*Cox(-S5)*C4#S3*E2*(-S2)*Cy 
C2*£9*Cg*(-S5)*C4*S3*E2*C2*(-S)) 
C2*E*C6*(-S5)*S4*(-S3)*C2*C 
C2¥E2*Co*(-S5)*S4*(-S3 )*S2*(-S) ) 
C2*E*C6*(-S5)*S4+C3+£0*(-S> aC} 
C2#£2*C6*(-S5)*S4*C3*£2*C2*(-S;) | 


C2*£0*C6*(-S5)*(-S4)*C3*C2*C] 
C2*E2*CG*(-S5)*(-S4)*C3*S2#(-S)) 
C2*£*C6*(-S5)*(-S4)*S3*E2*(-S2)«Cy 
C2*£2*C6*(-S5)*(-Sq)*S3*E2*C2*(-S)) 
C2#£9*C6*(-S5)*C4x(-S3)*C2*C} 
C2¥E2*C6*(-S5)*C4*(-S3)*S2*(-S)) 
C2*E9*C6#(-S5)*C4xC3*£0*(-S2)*C] 
C2#£9*C6#(-S5)*C4*C3422*C2*(-S)) | 
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[1,4,6,7,10,16,11,13,20,4] 
[1,3,5,8,10,16,11,13,20,4] 
[1,4,5,8,10,16,11,13,20,4] 
[1,3,6,8,10,16,11,13,20,4] 
[1,4,6,8,10,16,11,13,20,4] 


[1,3,9,/s0,1-7,h2513,20,4) 
[1,4,5,7,9,17,12,13,20,4] 
[1,3,6,7,9,17,12,13,20,4] 
[1,4,6,7,9,17,12,13,20,4] 
[1,3,5,8,9,17,12,13,20,4] 
[1,4,5,8,9,17,12,13,20,4] 
[1,3,6,8,9,17,12,13,20,4] 
[1,4,6,8,9,17,12,13,20,4] 


[1,3,5,7,10,18,12,13,20,4] 
[1,4,5,7,10,18,12,13,20,4] 
[1,3,6,7,10,18,12,13,20,4] 
[1,4,6,7,10,18,12,13,20,4] 
[1,3,5,8,10,18,12,13,20,4] 
[1,4,5,8,10,18,12,13,20,4] 
[1,3,6,8,10,18,12,13,20,4] 
[1,4,6,8,10,18,12,13,20,4] _ 


[1,3,5,7,9,15,11,14,20,4] 
[1,4,5,7,9,15,11,14,20,4] 
[1,3,6,7,9,15,11,14,20,4] 
[1,4,6,7,9,15,11,14,20,4] 
[1,3,5,8,9,15,11,14,20,4] 
[1,4,5,8,9,15,11,14,20,4] 
[1,3,6,8,9,15,11,14,20,4] 
[1,4,6,8,9,15,11,14,20,4] 


[1,3,5,7,10,16,11,14,20,4] 
[1,4,5,7,10,16,11,14,20,4] 
[1,3,6,7,10,16,11,14,20,4] 
[1,4,6,7,10,16,11,14,20,4] 
[1,3,5,8,10,16,11,14,20,4] 
[1,4,5,8,10,16,11,14,20,4] 
[1,3,6,8,10,16,11,14,20,4] 
[1,4,6,8,10,16,11,14,20,4] 


tr; «| 


t22 + | 


Arrays of coefficients and phase indices for P;7,22. 
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C2*&9*C6*C5*C4*C3*C2*C] 
Co*E2*Cg*C5*C4*C3#S2*(-S)) 
C2¥E2*C5*C5*C4xS3#£*(-S2)*Cy 
C2*£9*C6*C5*C 44S 348 *C2+(-S ) 
C2*£7*C6*C5*S4+(-S3)*C2*C] 
C2#E2*C6*C5*S4*(-S3)*So*(-S) ) 
Co¥E*Co*C5*S4#C3*£0*(-S2)*Cy 
C£9*C6*C5*Sq*C3+E2*C2*(-S)) | 


C2*£2*C6*C5*(-S4)*C3*C2*C| 
C2#£9*C6*C5*(-S4)*C3*S2*(-S)) 
C2¥E*C5*C5+(-S4)*S3*£2*(-S2)*C} 
C2¥E9*C6*C5*(-S4)*S3*f2*C2*(-S)) 
C2*&> *C6*C5*Cq*(-S3)*C2*C] 
C2*E9*C6*C5*C4*(-S3)*S2*(-S)) 
C2*E2 "C6 *C5*C4*C3*£24(-S2)*C] 


Co¥Er*CoeC5*C4eCz4£2*C2«(-S;) | ] 


P1722 = S2 [4] Pis.2 + C2 [4] Pis22 


ae *[ tri*[ So*CoxC5*C4eC34C2*5 | #€ 


ti2*| 


So*C6*eC5*Cq*C3*S9*C] *&) 
S2*CoxC5*C4*S3*£0#(-S2)#S | *f | 
Sa#C6*C5*C44S3*&7*C2*C] *&) 
S2*Cg*C5*S4*(-S3)*C2*S jf] 

S? *C6*C5*S4+(-S3)*S2 #Cp*e| 
S2*Co*C5*S4q*C34&0 *(-S2)«S) *£) 
Sa*Cg*C5*S4qxC3¥Fp*Cz4*Cj +e) | 


S2*C6*C5*(-S4)*C3*C2* $1 #&] 
S2*Cg*C5*(-S4)*C3 *S2*C] *E| 
S2*C6*C5*(-S4)#S3*E2*(-S2)*S 1#€] 
S2*Co*C5*(-S4)*S3*£2*C2*C] *E) 
So*C6*C5*C4*(-S3)*C2*S | *E 
S2¥Co#C5*C4e(-S3)#S2*C1 4 | 
S¥Co*C5*C4qxCz*&2*(-So) aS) +E 
SoaCoaC5*CgxCz*£p4C2*Cy*£) | 


[1,3,5,7,9,17,12,14,20,4] 
[1,4,5,7,9,17,12,14,20,4] 
[1,3,6,7,9,17,12,14,20,4] 
[1,4,6,7,9,17,12,14,20,4] 
[1,3,5,8,9,17,12,14,20,4] 
[1,4,5,8,9,17,12,14,20,4] 
[1,3,6,8,9,17,12,14,20,4] 
[1,4,6,8,9,17,12,14,20,4] 


[1,3,5,7,10,18,12,14,20,4] 
[1,4,5,7,10,18,12,14,20,4] 
[1,3,6,7,10,18,12,14,20,4] 
[1,4,6,7,10,18,12,14,20,4] 
[1,3,5,8,10,18,12,14,20,4] 
[1,4,5,8,10,18,12,14,20,4] 
[1,3,6,8,10,18,12,14,20,4] 


[1,4,6,8,10,18,12,14,20,4] | ¥ 


[2,3,5,7,9,15,11,13,19,4] 


[2,4,5,7,9,15,11,13,19,4] 
[2,3,6,7,9,15,11,13,19,4] 
[2,4,6,7,9,15,11,13,19,4] 
[2,3,5,8,9,15,11,13,19,4] 
(2,4,5,8,9,15,11,13,19,4] 
[2,3,6,8,9,15,11,13,19,4] 
[2,4,6,8,9,15,11,13,19,4] 


[2,3,5,7,10,16, 11,13, 19,4] 
[2,4,5,7,10,16,11,13,19,4] 
[2,3,6,7,10,16,11,13,19,4] 
[2,4,6,7,10,16,11,13,19,4] 
[2,3,5,8,10,16,11,13,19,4] 
[2,4,5,8,10,16,11,13,19,4] 
[2,3,6,8,10,16,11,13,19,4] 
[2,4,6,8,10,16,11,13,19,4] 


to; «| 


to2 «| 


tii *| 


ti2*| 


tr: «| 
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S2*C6*S5*C4*C3*C 745 | #€| 
So*C6*S5*C4q*C3*So4*Cj*€| 
S2*C6*85*C4*S3422*(-S2)#S | #€) 
S2*C6#S5*C44S3#E74*C2#C] #0) 
S2¥CG*S5+S4e(-S3)#C2#S | ¥€ 
So*C6*S5*S4*(-S3)*S2*Cy +E) 
S2*C6*S5+S4qxC3 4&0 4(-S2)#S | +E 
So*CoaS5*S4qC34+Ep4Cz4Cj +E) | 


S2*C6*S5*(-S4)*C3*C2*S | #€ | 
So*Co*S5*(-S4)*C3*S2*Cy4€) 
S2*C6*85*(-S4)*S3+£2*(-S2)*S | *£) 
S2*C6*S5*(-S4)*S3#E2*C2#*C] +E | 
S2*Cg*S5*C4*(-S3)*C2*S | #€ | 
S2*CgS5*Cqx(-S3)*S2*C] *£ | 
Sp*Co*S5*Cq*C3+£2*(-S2)#S) *E) 
So*CoxS5*C4eC34£24C2*Cp*E) | 


So*S6*(-S5)#C4*C3*C2H5 | + | 
So¥Sg*(-Ss)*C4*C3*S2*C1 +E) 
S2*So*(-S5)*C4*S3*£2*(-S2)#S) +E) 
So4Sg*(-S5)*C4xS3487*C2*C] +€ | 
S2*So*(-Ss5)*S4*(-S3)*C2*S | *E) 
S2*S6*(-Ss5)*S4*(-S3)*So*C] *€) 
S2*So*(-Ss)*Sq*C3*£0*(-S2)*S | *E) 
So*So*(-S5)*S4*C3*£2*C2*Cy*e) | 


S2*S6*(-S5)#(-S4)*C3*C2*5 | +f | 
So*S6*(-S5)*(-S4)*C3*S2*C] +E | 


S2*S6*(-S5)*(-S4)*S34E2*(-S2)*S | +E, 


So#Sg*(-S5)#(-Sq)*S3*E2*C2*C 1 +E 
S2*S6*(-S5)*C4*(-S3)*C2*S) ©) 
So*S6*(-S5)*C4*(-S3)#S2*C1 +€ 
S2*S6*(-S5)*C4#C3#E2*(-S2)#S | ¥E | 
So#So*(-S5)*C4*C3*Eo*C2*C 1+) | 


S2*S6*C5*C4*C3*C 245 | *E| 
S2#S6#C5#C4*C34S2#C] 4€ | 

S248 6*C5*C4*S34E2*(-S2)*S | *€ 
So*S6*C5*C4*S3%62*C2*Cj#£ | 


A-29 


[2,3,5,7,9,17,12,13,19,4] 
[2,4,5,7,9,17,12,13,19,4] 
[2,3,6,7,9,17,12,13,19,4] 
[2,4,6,7,9,17,12,13,19,4] 
[2,3,5,8,9,17,12,13,19,4] 
[2,4,5,8,9,17,12,13,19,4] 
[2,3,6,8,9,17,12,13,19,4] 
[2,4,6,8,9,17,12,13,19,4] 


[2,3,5,7,10,18,12,13,19,4] 
[2,4,5,7,10,18,12,13,19,4] 
[2,3,6,7,10,18,12,13,19,4] 
[2,4,6,7,10,18,12,13,19,4] 
[2,3,5,8,10,18,12,13,19,4] 
[2,4,5,8,10,18,12,13,19,4] 
[2,3,6,8,10,18,12,13,19,4] 
[2,4,6,8,10,18,12,13,19,4] _ 


[2,3,5,7,9,15,11,14,19,4] 
[2,4,5,7,9,15,11,14,19,4] 
[2,3,6,7,9,15,11,14,19,4] 
[2,4,6,7,9,15,11,14,19,4] 
[2,3,5,8,9,15,11,14,19,4] 
[2,4,5,8,9,15,11,14,19,4] 
[2,3,6,8,9,15,11,14,19,4] 
[2,4,6,8,9,15,11,14,19,4] 


[2,3,5,7,10,16,11,14,19,4] 
[2,4,5,7,10,16,11,14,19,4] 
[2,3,6,7,10,16,11,14,19,4] 
[2,4,6,7,10,16,11,14,19,4] 
[2,3,5,8,10,16,11,14,19,4] 
[2,4,5,8,10,16,11,14,19,4] 
[2,3,6,8,10,16,11,14,19,4] 
[2,4,6,8,10,16,11,14,19,4] 


[2,3,5,7,9,17,12,14,19,4] 
[2,4,5,7,9,17,12,14,19,4] 
(2,3,6,7,9,17,12,14,19,4] 
[2,4,6,7,9,17,12,14,19,4] 


t22 «| 


tii *[ 


ti2*| 


tr; «[ 


NAWCWD TP 8592 


S2*S6*C5*S4x(-S3)#C2*S | #f) 
S? #*S6*C5#S4*(-S3)*So*C] | 
S2*S6aC5#S4xC34£0*(-S2)*S)+£) 
So*S6*C5*S4#C3%£04C2#C] *£ | ] 


S2*Sg*C5*(-S4)*C3*C2#S | #€ 
S2*S6*C5#(-S4)*C3* SoC] +E 
S2#S6*C5*(-S4)#S3*E0#(-S2)#S | Ef 
S2#Sg*C5*(-S4)*S3*£2*C2*C] *O | 
S2*S6*C5*C4*(-S3)*C2*S j*E) 

S? #*S6*C5*C4*(-S3)*S2 *Cj*) 
S2#S6*C5*C4*C3*£2*(-S2)#S) +E 
So*S6*C5*Cg*C3*£p*C2*Cj +E) | 


C2*£2*(-S¢)*C5*Cq*C3*C2*S jE] 
C2*E2#(-S6)*C5*C4¥C3#S24C] *€ | 
C2*&2#(-S6)*C5*C4*S3%£2*(-S2)*S | #2) 
C*£o#(-S6)*C5*Cq*S3*£2*C2*C] *E) 
C2 #£p4(-S6)*C5*Sqe(-S3)*C2*S | #€ | 
C2¥E2*(-S6)*C5*S4(-S3)*So*Cy +E | 
C2*E2*(-So)*C5*S44C3*&> #(-S>)«s jE] 
C2*E0*(-Se)*C5*S4xC3*£0*C2*Cj +e) | 


C2¥E2*(-S¢)*C5#*(-S4)*C3*Co* S| *f) 
Co*£0«(-S6)*C5+(-S4)*C3*S2*C] ¥E) 
Co*£9*(-S6)#C5*(-S4)*S34E2"(-S2)#S | # | 
C2*£9*(-S6)*C5*(-S4)*S3#E2*C2*C] #€ | 
C2*£2*(-S6)*C5*C4x(-S3 )#C2*S | # | 
C2*Eo*(-S6)*C5*C4e(-S3)*S*Cp +E 
C2*£9*(-So)*C5*Cq*C3#£2*(-S2)#S | +€ 
C2#£9#(-S6)#C5*CqxC3¥E7*C2*Cj¥E) | 


C2*£9*(-So)*S5*C4*C3*C245 | +E 
C2*E9*(-S6)*S5*C4xC3*S2¥C]*£) 
C2*E> #(-S6)*S5*C4*S 3%E «(-S>)*S 1) Ey] 
C2*€o*(-S6)*S5#C4*S3#22*C2*C 1 *€) 
C2*&*(-S6)*S5+Sq*(-S3)*C2*S ) +E) 
C2*&9*(-S6)*S5*S4*(-S3)*S2*C 1 +€ 
C24E*(-S6)*S5*S4*C3*£2*(-S2)*S j*€) 
C2#E9*(-S6)*S5*S4*C3*£2*C2*Cj +E) | 


[2,3,5,8,9,17,12,14,19,4] 
[2,4,5,8,9,17,12,14,19,4] 
[2,3,6,8,9,17,12,14,19,4] 
[2,4,6,8,9,17,12,14,19,4] 


[2,3,5,7,10,18,12,14,19,4] 
[2,4,5,7,10,18,12,14,19,4] 
[2,3,6,7,10,18,12,14,19,4] 
[2,4,6,7,10,18,12,14,19,4] 
[2,3,5,8,10,18,12,14,19,4] 
[2,4,5,8,10,18,12,14,19,4] 
[2,3,6,8,10,18,12,14,19,4] 


[2,4,6,8,10,18,12,14,19,4] | ff 


[2,3,5,7,9,15,11,13,20,4] 
[2,4,5,7,9,15,11,13,20,4] 
[2,3,6,7,9,15,11,13,20,4] 
[2,4,6,7,9,15,11,13,20,4] 
[2,3,5,8,9,15,11,13,20,4] 
[2,4,5,8,9,15,11,13,20,4] 
[2,3,6,8,9,15,11,13,20,4] 
[2,4,6,8,9,15,11,13,20,4] 


[2,3,5,7,10,16,11,13,20,4] 
[2,4,5,7,10,16,11,13,20,4] 
[2,3,6,7,10,16,11,13,20,4] 
[2,4,6,7,10,16,11,13,20,4] 
[2,3,5,8,10,16,11,13,20,4] 
[2,4,5,8,10,16,11,13,20,4] 
[2,3,6,8,10,16,11,13,20,4] 
[2,4,6,8,10,16,11,13,20,4] 


[2,3,5,7,9,17,12,13,20,4] 
[2,4,5,7,9,17,12,13,20,4] 
[2,3,6,7,9,17,12,13,20,4] 
[2,4,6,7,9,17,12,13,20,4] 
[2,3,5,8,9,17,12,13,20,4] 
[2,4,5,8,9,17,12,13,20,4] 
[2,3,6,8,9,17,12,13,20,4] 
[2,4,6,8,9,17,12,13,20,4] 


tro «| 


tii «| 


ti2 + | 


tz; «| 


tro «| 
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C2*E> #(-S6)*S5*(-S4)*C3*C2+S) * | 
C2*£2*(-S6)*S5*(-S4)*C3*S2*C] +E; 


C2*& «(-S6)*S5*(-S4)*S3 a *(-S2)*S) *E | 


C2*E£> +(-S6)*S5 *(-S4)*S3 #£9*C2*C] *E) 
C2*£2*(-S6)*S5*Cqx(-S3)*C2#S | +€ 
C2*£0*(-S6)*S5*C4*(-S3)*S2*C] #€ | 
C2*&p*(-S6)*S5*C4*C3*£2*(-S2)#S | #€ | 
C2#&> +(-S6)*S5*Cq*C3*£> #*C9#*C 1 *£) | 


C2*£>* C6*(-S5)*Cq*C3*C2*S) *£| 
C2*£2*CG*(-S5)*Cq*C3¥S2*C] *€ | 
C2£2*Co*(-S5)*Cq*S3+27*(-S2)*S | +E 
C2*E9*C6#(-S5)*CqxS3*£0*C2*C] ¥E) 
C2¥E2*Cox(-S5)*Sqx(-S3)*C2#S | +€ | 
C2#£2*C6*(-S5)+*S4(-S3)*S2#C] ¥€ 
C2¥E9*CG*(-S5)*S4*C 342 *(-S2)*S) #E) 
C2*£2*C6*(-S5)*S4xC3+£2*C2*C +2) | 


C2*E> *C6*(-S5)*(-S4)*C3 #C2*S) #6) 
C2*Eo *C6*(-S5)#(-S4)*C3 *So*Cp*&) 


C2*E2*Co*(-S5)*(-S4)*S3*E2*(-S2)+S | +E) 


C2*Eo*C6*(-S5)*(-S4)*S34E2*C2*C1 +E) 
C2¥£*Cox(-S5)*C4*(-S3 )*C2¥S | *€ 
C2#E> *C6*(-S5)*Cq*(-S3)*S2 *Cj*£) 
C2*£9*Cox(-S5)*C4*C34£ +(-S>)«S j +E] 
Co*Eo*CG#(-S5)*C4xCz4E24*Cz*Cp*e) | 


C2*E2*CgxC5*C4xC3%Cp5 | #f| 
C2*E2#C gC 5*CqeC3 S740] ¥&| 

C2489 *C6*C5*C4#S3+82*(-S2) #5) #£) 
C2#E9#C 6 *C5*C4*S3#E 9 *C2*C] #E | 
C2*E2*Cg*C5*S4+(-S3)* C245 | #€ | 
Cz¥£9*C6*C5+*S4*(-S3)*S2*C] +E | 
Caaf 9*C6*C5S4qxC3 482 *(-S2)*S) *€) 
C2*£9*C6*C5*S4*C3*E 0 *C2*C] ¥&| ] 


C2*£2*C6*C5*(-S4)*C3*C2*S | #f | 
C2*£0*C5*C5*(-S4)*C3*S2*C] € | 
C2#£9*CoxC5#(-S4)*S3#£2*(-S2)*S| +f) 
C2#E> *C6*C5*(-S4)*S3 *E9*C2*C1 #0) 
C2*£p*C6*C5*Cq*(-S3 )*C2*S) *E) 


A-31 


[2,3,5,7,10,18,12,13,20,4] 
[2,4,5,7,10,18,12,13,20,4] 
[2,3,6,7,10,18,12,13,20,4] 
[2,4,6,7,10,18,12,13,20,4] 
[2,3,5,8,10,18,12,13,20,4] 
[2,4,5,8,10,18,12,13,20,4] 
[2,3,6,8,10,18,12,13,20,4] 
[2,4,6,8,10,18,12,13,20,4] _ 


[2,3,5,7,9,15,11,14,20,4] 
[2,4,5,7,9,15,11,14,20,4] 
[2,3,6,7,9,15,11,14,20,4] 
[2,4,6,7,9,15,11,14,20,4] 
[2,3,5,8,9,15,11,14,20,4] 
[2,4,5,8,9,15,11,14,20,4] 
[2,3,6,8,9,15,11,14,20,4] 
[2,4,6,8,9,15,11,14,20,4] 


[2,3,5,7,10,16,11,14,20,4] 
[2,4,5,7,10,16,11,14,20,4] 
[2,3,6,7,10,16,11,14,20,4] 
[2,4,6,7,10,16,11,14,20,4] 
[2,3,5,8,10,16,11,14,20,4] 
[2,4,5,8,10,16,11,14,20,4] 
[2,3,6,8,10,16,11,14,20,4] 
[2,4,6,8,10,16,11,14,20,4] 


[2,3,5,7,9,17,12,14,20,4] 
[2,4,5,7,9,17,12,14,20,4] 
[2,3,6,7,9,17,12,14,20,4] 
[2,4,6,7,9,17,12,14,20,4] 
[2,3,5,8,9,17,12,14,20,4] 
[2,4,5,8,9,17,12,14,20,4] 
[2,3,6,8,9,17,12,14,20,4] 
[2,4,6,8,9,17,12,14,20,4] 


[2,3,5,7,10,18,12,14,20,4] 
[2,4,5,7,10,18,12,14,20,4] 
[2,3,6,7,10,18,12,14,20,4] 
[2,4,6,7,10,18,12,14,20,4] 
[2,3,5,8,10,18,12,14,20,4] 
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C2*E2*CexC5 *C4*(-S3)*S2 *Cj*&) 
C2*E0#Cg*C5*C4*C34& #(-S>)«S j*E] 
Co¥Ep*Cg*CsaCgxCz*Ep*CpeCyse) | | 


lie" 6 fe 
T =F, =MR PF, -+| | | 


Thus, 


Ti = Fe {er [21] Pig + Csi) [21] Pizzi} 
Ti2 = Fe {e1 [21] Pizr2 + (-s1) [21] Pi7,22} 
Toy = Fe {€18) [22] Pagar + €1¢1 [22] Pi721} 
Th = se {€18) [22] Pizi2 + €1¢) [22] Pi7,22} 


C 


[2,4,5,8,10,18,12,14,20,4] 
[2,3,6,8,10,18,12,14,20,4] 
[2,4,6,8,10,18,12,14,20,4] | i 


_1f e210) -s[21] 
\r a be: i 


Arrays of coefficients and phase indices for 7};, ( 256 terms each 7;; ) 


T\, = + {c; [21] Piga1 + Cs)) [21] Piz21} 


Le] thy * | Cy*Co*Cg*C5*Cq*C3*C2*C] 

Cy *C2*C6*C5*C4*C3*S2*(-S) ) 

Cy *C2*CoaC5*C4*S34£*(-S2)*C] 
Cy *Co*CpeC5*C4*S3*F9 *C2*(-S | ) 
C1 *C2#C6*C5+*S4x(-S3)#C2*C} 

Ci *C2*Cg*C5*S4*(-S3)*S2*(-S l ) 

Cy #C2#C6*C5#S4xC3#24(-S2)*C] 
Cy *C2*C6*C5#S4*C3*£2*C2*(-S)) | 


tio * [ Cy*C2*Co*C5*(-S4)*C3*C2*C] 
Cy #C2*C6*C5*(-S4)*C3*S2*(-S)) 
C1 *C2+*C6*C5*(-S4)*S3+E*(-S2)*C} 
C1 *C2*C6*C5*(-S4)*S3*E2*C2*(-S)) 
Cj #C2*C6*C5*C4x(-S3)*C2*Cy 
C| #*C2*C6*C5*C4*(-S3)*S2 «(-S i) 
C1 *C2*Cg*C5*C4*C3*E2*(-S2)*C] 
Cy #C2*C6*C5*Cq*C34E2*C2*(-S;) | 


to; * [ Cy *C2*C6*S5*Cq*C3*C2*C] 
C1 *C2*C6*S5*C4*C3*S2*(-S)) 


[1,3,5,7,9,15,11,13,19,3,21] 
[1,4,5,7,9,15,11,13,19,3,21] 
[1,3,6,7,9,15,11,13,19,3,21] 
[1,4,6,7,9,15,11,13,19,3,21] 
[1,3,5,8,9,15,11,13,19,3,21] 
[1,4,5,8,9,15,11,13,19,3,21] 
[1,3,6,8,9,15,11,13,19,3,21] 
[1,4,6,8,9,15,11,13,19,3,21] 


[1,3,5,7,10,16,11,13,19,3,21] 
[1,4,5,7,10,16,11,13,19,3,21] 
[1,3,6,7,10,16,11,13,19,3,21] 
[1,4,6,7,10,16,11,13,19,3,21] 
[1,3,5,8,10,16,11,13,19,3,21] 
[1,4,5,8,10,16,11,13,19,3,21] 
[1,3,6,8,10,16,11,13,19,3,21] 
[1,4,6,8,10,16,11,13,19,3,21] 


[1,3,5,7,9,17,12,13,19,3,21] 
[1,4,5,7,9,17,12,13,19,3,21] 


NAWCWD TP 8592 


C1 *C2*C6*S5*C4*S34£2*(-S2 )*Cy 
Cy*C27*C6+*S5+#C44S3+29*C2*(-S)) 
Cj *C2*Cg*S5*S4*(-S3)*C2*Cy 

C1 *C2*C6#S5*S4*(-S3)*S2*(-S)) 

Cy #C2*C6*S5*S4*C3+£2*(-S2)#C] 
C1 *C2*Co*S5*S4xC3#£0*C2*(-S)) | 


taz * [ Cy*C2*CoxS5*(-S4)*C3*C2*C; 
Cy *C2*Co#S5*(-S4)*C3*S2*(-S)) 
C1 #C2*C6*S5*(-S4)*S3+E2*(-S2)*C] 
C1 #C2*C6*S5+(-S4)*S3*£2*C2*(-S)) 
C1 *C2#*Co#S5*C4x(-S3)*C2*C} 
C1 #C2*C6*S5*C4*(-S3)*S2*(-S)) 
Cy *C2*Co#S5*C4xC34£2*(-S2)*C} 
C1 *C2*Cg*S5*C4xC34E2*C2*(-S;) | 


tis * [| C1*C2*S6*(-S5)*C4*C3*C2*C] 

C1 *C2*S6*(-Ss)*C4#C3#S2*(-S) ) 

C1 *C2*S6*(-S5)*C4*S3+£2*(-S2)#C} 
C1 *C2*SG*(-S5)*Cq*S3+£2*C2*(-S | ) 
C1 *C2*S6*(-S5)*S4*(-S3)*C2*C] 

C1 *C2*S6+(-S5)*S4*(-S3)*S2*(-S)) 
C1 *C2*So#(-S5)*S4#C34£7*(-S2)#C] 
C1*C2*S6*(-S5)*S4*C3*E2*C2*(-S)) | 


ti2 * [| Cy*C2*So*(-S5)*(-Sq)*C3*C2*C| 
C1 *C2*S6*(-S5)*(-S4)*C3*S2*(-S)) 
C1 *C2*S6*(-S5)*(-S4)*S3*E2*(-S2)*C| 
C1 #C2*So*(-S5)*(-S4)*S3#£2*C2*(-S | ) 
C1 *C2*S6*(-S5)*Cq(-S3)*C2*C 
C1 *C2*S6*(-S5)*Cq*(-S3)*S2*(-S)) 
C1 #C2*S6*(-S5)*C4*C3*E2*(-S2)*C] 
Cy *C2*S6*(-S5)*C4*C3*£2*C2*(-S)) | 


tay * [ Cy*Co*So*C5*C4qxC3*C2*C] 

C1 *C2*S6*C5*C4*C34S2*(-S) ) 

Cy #Cz*SeC5#Cq*S34£2*(-S2)*C] 
C1 *C2¥*So#C5*C4+S3*£9*C2*(-S) ) 
C1 *C2*S6*C5*S4*(-S3)*C2*C] 

C1 *C2*S6*C5*S4*(-S3)*S2*(-S)) 

C1 *C2*S6*C5*S4%C3*E£24(-S2)#Cy 
Cj *C2#SG#C5*S4*C3*£2*C2*(-S)) | 


A-33 


[1,3,6,7,9,17,12,13,19,3,21] 
[1,4,6,7,9,17,12,13,19,3,21] 
[1,3,5,8,9,17,12,13,19,3,21] 
[1,4,5,8,9,17,12,13,19,3,21] 
[1,3,6,8,9,17,12,13,19,3,21] 
1,4,6,8,9,17,12,13,19,3,21] 


[1,3,5,7,10,18,12,13,19,3,21] 
[1,4,5,7,10,18,12,13,19,3,21] 
[1,3,6,7,10,18,12,13,19,3,21] 
[1,4,6,7,10,18,12,13,19,3,21] 
[1,3,5,8,10,18,12,13,19,3,21] 
[1,4,5,8,10,18,12,13,19,3,21] 
[1,3,6,8,10,18,12,13,19,3,21] 
[1,4,6,8,10,18,12,13,19,3,21] _ 


[1,3,5,7,9,15,11,14,19,3,21] 
[1,4,5,7,9,15,11,14,19,3,21] 
[1,3,6,7,9,15,11,14,19,3,21] 
[1,4,6,7,9,15,11,14,19,3,21] 
[1,3,5,8,9,15,11,14,19,3,21] 
[1,4,5,8,9,15,11,14,19,3,21] 
[1,3,6,8,9,15,11,14,19,3,21] 
[1,4,6,8,9,15,11,14,19,3,21] 


[1,3,5,7,10,16,11,14,19,3,21] 
[1,4,5,7,10,16,11,14,19,3,21] 
[1,3,6,7,10,16,11,14,19,3,21] 
[1,4,6,7,10,16,11,14,19,3,21] 
[1,3,5,8,10,16,11,14,19,3,21] 
[1,4,5,8,10,16,11,14,19,3,21] 
[1,3,6,8,10,16,11,14,19,3,21] 
[1,4,6,8,10,16,11,14,19,3,21] 


[1,3,5,7,9,17,12,14,19,3,21] 
[1,4,5,7,9,17,12,14,19,3,21] 
1,3,6,7,9,17,12,14,19,3,21] 
[1,4,6,7,9,17,12,14,19,3,21] 
[1,3,5,8,9,17,12,14,19,3,21] 
1,4,5,8,9,17,12,14,19,3,21] 
[1,3,6,8,9,17,12,14,19,3,21] 
1,4,6,8,9,17,12,14,19,3,21] 
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tr2 * [ Cy*C2*Sg*C5*(-S4)*C3*C2*C] 


C1 *C2*S6*C5*(-S4)*C3*S2*(-S/) 

C1 *C2#S6*C5*(-S4)*S3*E2*(-S2)«C 
Cj #C2#*S6#C5*(-S4)*S3*£> *C7*(-S | ) 
C1 *C2*S5*C5*Cq+(-S3)*C2*C} 
C1*C2#S¢#C5*C4x(-S3)*S2*(-S)) 

C1 *C2*S6%C5*Cg*C3*& +(-S>)*C] 

C1 #C2#S6*C5*Cq*C3+E2*C2*(-S)) | 


ti) * | Cy*(-S2)*E2*(-S6)*C5*C4*C3*C2*C| 


C1 *(-S2)*Eo*(-S5)*C5*C4*C3*S2*(-S)) 
Cj*(-S2)*E2#(-S6)*C5*C4*S3*£2*(-S2)*C] 
C1 #(-S2)*E2*(-S5)*C5*C4+S3#E2*C2*(-S |) 
C] #(-S>)*£> #(-So)*C5*S4*(-S3)*C2*C] 

C1 #(-S2)*E2#(-So)*C5#S4e(-S3)#S2*(-S |) 

C} #(-S>)+£> #(-S6)*C5*S4*C3#£p*(-S>)#Cy 
Cy*(-S2)#£2*(-S6)*C5*S4*C3*E2*C2*(-S)) | 


ti2 * [ Cy*(-S2)*£2*(-S6)*C5*(-S4)*C3*C2*C] 


C| +(-S>)*£> #(-S6)*C5*(-S4)*C3 *So*(-S) ) 

C} +(-S2)*£2*(-S6)*C5*(-S4)*S3*E> #(-S2)*Cy 
Cy*(-S2)*E2*(-S6)*C5*(-S4)*S3*E2*C2*(-S)) 
C| «(-S> )*£p «(-S¢)*C5*C4*(-S3)*C2*C| 

C} #(-S2)*Eo#(-S¢)*C5*Cq(-S3)*So#(-5 i) 

C1 *(-S2)*E2*(-S6)*C5*C4qxC3*£2*(-So)*Cy 

C1 *(-S2)*£o#(-S6)*C5*C4+C3*£2*C2*(-S)) | 


toy * [ Cy*(-S2)*E2*(-S6)*S5*Cq*C3*C2*C] 


C} +(-S2)*£> +(-S¢)*S5*C4*C3*So*(-S ) 
C*(-S2)*£2*(-S6)*S5*C4*S3*E2*(-S2)*Cy 
C1 *(-S2)*£2*(-S6)*S5*Cq*S3*E2*C2*(-S)) 
C\ +(-S>)*£> #(-S¢)*S5*S4*(-S3)*C2*C] 

Cy #(-S2)*E2*(-So)*S5#S4*(-S3)*S2*(-S)) 

Cj *(-S2)*E2*(-S6)*S5*S4*C3*E2*(-S2)*C] 

Ci +(-S>)*£> #(-S6)*S5*S4#C3¥£> *C7+(-S i) | 


tr2 * [ Cy *(-S2)*£2*(-S6)*S5*(-S4)*C3*C2*C] 


C1 +(-S2)*£2*(-S6)*S5*(-S4)*C3*S2*(-S)) 

Cj *(-Sp)*E2*(-S6)*S5*(-S4)#S3*E2*(-S2)*Cy 
C1 *(-S2)*€2*(-S6)*S5*(-S4)*S3*E2*C2*(-S)) 
C1 *(-S2)#€2*(-S6)*S5*Cq(-S3)*C2*Cy 

C1 *(-S2)*E2*(-S¢)*S5*Cq*(-S3)#S2(-S)) 


A-34 


[1,3,5,7,10,18,12,14,19,3,21] 
[1,4,5,7,10,18,12,14,19,3,21] 
[1,3,6,7,10,18,12,14,19,3,21] 
[1,4,6,7,10,18,12,14,19,3,21] 
[1,3,5,8,10,18,12,14,19,3,21] 
[1,4,5,8,10,18,12,14,19,3,21] 
[1,3,6,8,10,18,12,14,19,3,21] 


[1,4,6,8,10,18,12,14,19,3,21] | ff 


[1,3,5,7,9,15,11,13,20,3,21] 
[1,4,5,7,9,15,11,13,20,3,21] 
[1,3,6,7,9,15,11,13,20,3,21] 
[1,4,6,7,9,15,11,13,20,3,21] 
[1,3,5,8,9,15,11,13,20,3,21] 
[1,4,5,8,9,15,11,13,20,3,21] 
[1,3,6,8,9,15,11,13,20,3,21] 
[1,4,6,8,9,15,11,13,20,3,21] 


[1,3,5,7,10,16,11,13,20,3,21] 
[1,4,5,7,10,16,11,13,20,3,21] 
[1,3,6,7,10,16,11,13,20,3,21] 
[1,4,6,7,10,16,11,13,20,3,21] 
[1,3,5,8,10,16,11,13,20,3,21] 
[1,4,5,8,10,16,11,13,20,3,21] 
[1,3,6,8,10,16,11,13,20,3,21] 
[1,4,6,8,10,16,11,13,20,3,21] 


[1,3,5,7,9,17,12,13,20,3,21] 
[1,4,5,7,9,17,12,13,20,3,21] 
[1,3,6,7,9,17,12,13,20,3,21] 
[1,4,6,7,9,17,12,13,20,3,21] 
[1,3,5,8,9,17,12,13,20,3,21] 
[1,4,5,8,9,17,12,13,20,3,21] 
[1,3,6,8,9,17,12,13,20,3,21] 
[1,4,6,8,9,17,12,13,20,3,21] 


[1,3,5,7,10,18,12,13,20,3,21] 
[1,4,5,7,10,18,12,13,20,3,21] 
[1,3,6,7,10,18,12,13,20,3,21] 
[1,4,6,7,10,18,12,13,20,3,21] 
[1,3,5,8,10,18,12,13,20,3,21] 
[1,4,5,8,10,18,12,13,20,3,21] 


NAWCWD TP 8592 


C1 #(-S2)*£2*(-S)*S5#Cq*C3¥E2*(-S2)#C 


C1 *(-S2)*E2*(-S5)*S5*C4*C3*£0*C2*(-S;) | 


try * [| Cy*(-S2)*f2"Co*(-S5)*C4*C3*C2*C] 


C*(-S2)*£2*Cg(-S5)*C4*C3*S2*(-S) ) 
C*(-S2)*€2*Cg*(-S5)*C4+S3*22*(-S2)*C] 
C1 *(-S2)#E2*Cg#(-Ss)*C4*S3*E2*C2*(-S)) 
Ci +(-S>)*£2 +*C6*(-S5)*S4*(-S3)*C2*Cy 
C1 #(-S2)*E2*C6#(-S5)*S4x(-S3)*S2*(-S) 
C} «(-S2)*€> *C6*(-S5)*S4*C3 *E9 #(-S>)«Cy 


C} +(-S2)*£> *C6*(-S5)*S4*C3 42> *C7*(-S ) | 


tia * [ C)*(-S2)*E2*Co*(-S5)*(-S4)*C3*C2*C| 


C1*(-S2)*£o*Co*(-S5)#(-S4)*C3*52*(-S) ) 


C1 *(-S2)*£2*Co*(-S5)*(-S4)*S3*22*(-S2)*C] 
C*(-S2)*E2*Ce«(-Ss)*(-S4)*S3*E2*C2*(-S)) 


Cj «(-S2)*£> *C6*(-S5)*C4*(-S3)*C2*C| 
C1 *(-S2 )*£2*CG*(-S5)*C4*(-S3)*S2#(-S) ) 
Cy*(-S2)*E2*Co*(-Ss)*CqeC3*E2*(-S2)*C} 


C1 *(-S2)*E2*CG*(-Ss)*Cq*C3*E2*C2*(-S)) | 


tay * [ Cy*(-S2)*E2*Cg*C5*Cq*C3*C2*C] 


C1*(-S2)*E2*Cg*C5*C4xC3*S2*(-S)) 
C*(-S>)*E2*Co*C5*C4xS34*E*(-S2)*C} 
Cj *(-S2)*E2*Co*Cs*Cq#S3422*C2*(-S)) 
C} #(-S>)*£> *C6*C5*S4*(-S3)*C2*C] 

C1 #(-Sp )#£2*C6#C5*S4*(-S3)*S2*(-S) ) 

C1 *(-S2)*E2*Cg*C5*S4xC34£2*(-S2)#C] 
C1*(-S2)#E2*Co*C5*S4uCz4*E0*C2*(-S;) | 


tro « [Cy*(-S2)*£2*Co*C5*(-S4)*C3*C2*C] 


C] #(-S2)*£> #C6*C5*(-S4)*C3 *S? «(-S | ) 

Cy #(-S2)*£2*C6*C5#(-S4)*S3*E2*(-S2)*C} 
C1 *(-S2)*E2*Cg*C5*(-S4)*S3*E2*C2*(-S)) 
Cy #(-S2)*€2*C6*C5+*Cq*(-S3)*C2+C] 

Cy #(-S2)*E2*CG*C5*Cq*(-S3)*S2*(-S)) 

Cy #(-S2)#E2*CoxC5#Cq*C3*£2*(-S2)*C] 
Cj *(-S2)*E2*CoxC5*C4*C3*E0*C2*(-S;) | 


tiy * | (-S) )*So*CoxCs*C4q*C3*C2+C] 


(-S| )#S2*Co#C5#Cq*C3*S2*(-S)) 
(-S| )#So*CoxC5#Cq*S3*£2*(-S2)#Cy 


A-35 


[1,3,6,8,10,18,12,13,20,3,21] 
[1,4,6,8,10,18,12,13,20,3,21] _ 


[1,3,5,7,9,15,11,14,20,3,21] 
[1,4,5,7,9,15,11,14,20,3,21] 
[1,3,6,7,9,15,11,14,20,3,21] 
[1,4,6,7,9,15,11,14,20,3,21] 
[1,3,5,8,9,15,11,14,20,3,21] 
[1,4,5,8,9,15,11,14,20,3,21] 
[1,3,6,8,9,15,11,14,20,3,21] 
[1,4,6,8,9,15,11,14,20,3,21] 


[1,3,5,7,10,16,11,14,20,3,21] 
[1,4,5,7,10,16,11,14,20,3,21] 
[1,3,6,7,10,16,11,14,20,3,21] 
[1,4,6,7,10,16,11,14,20,3,21] 
[1,3,5,8,10,16,11,14,20,3,21] 
[1,4,5,8,10,16,11,14,20,3,21] 
[1,3,6,8,10,16,11,14,20,3,21] 
[1,4,6,8,10,16,11,14,20,3,21] 


[1,3,5,7,9,17,12,14,20,3,21 
[1,4,5,7,9,17,12,14,20,3,21] 
[1,3,6,7,9,17,12,14,20,3,21] 
[1,4,6,7,9,17,12,14,20,3,21] 
[1,3,5,8,9,17,12,14,20,3,21] 
[1,4,5,8,9,17,12,14,20,3,21] 
[1,3,6,8,9,17,12,14,20,3,21] 
[1,4,6,8,9,17,12,14,20,3,21] 


[1,3,5,7,10,18,12,14,20,3,21] 
[1,4,5,7,10,18,12,14,20,3,21] 
[1,3,6,7,10,18,12,14,20,3,21] 
[1,4,6,7,10,18,12,14,20,3,21] 
[1,3,5,8,10,18,12,14,20,3,21] 
[1,4,5,8,10,18,12,14,20,3,21] 
[1,3,6,8,10,18,12,14,20,3,21] 
[1,4,6,8,10,18,12,14,20,3,21] J 


[1,3,5,7,9,15,11,13,19,4,21] 
(1,4,5,7,9,15,11,13,19,4,21] 
[1,3,6,7,9,15,11,13,19,4,21] 
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(-S) )#S2*Co*C5*Cq*S3+£2*C2*(-S/) 
(-S) )*So*Cg*C5*S4x(-S3)*C2*C] 

(-S )#S2*C6#C5#S4*(-S3)*S2*(-S)) 
(-S| )*So*Cg*C5*S4*C3*E2*(-S2)*C] 
(-S) )*S2*Cg*Cs*S4*C3#£2*C2*(-S)) | 


tia * [ (-S))*S2#CgCs#(-S4)*C3*C2*C) 
(-S| )*S2*Cg*C5*(-S4)*C3*S2*(-S)) 
(-S| )*S2*Co*C5*(-S4)*S3#E2*(-S2)*Cy 
(-S) )*So*Co*C5*(-S4)*S3*£2*C2*(-S)) 
(-S) )*S2*Co*C5*Cqx(-S3)*C2*C| 
(-S | )*So*Co#C5*C4x(-S3)#So*(-S) 
(-S) )wSo*CoeC5*CqeC3*£2*(-S2)*C] 
(-S) )*S2*Cg*C5*C4xC3+£2*C*(-S)) | 


ty * [ (-S) )*S2*Co*S5*Cq*C3*C2*Cy 

(-S| )*S2*Co*S5*C4*C3*S2*(-S/) 
(-S|)*So*Cg*S5*C4*S3*£2*(-S2)«Cy 
(-S| )*S2*C6*S5*C4xS3*£2*C2*(-S)) 
(-S) )*So*C6*S5*S4*(-S3)*C2*C] 

(-S| )*S2*C6#S5+S4*(-S3)*So*(-S)) 
(-S| )*So*Cg*S5*Sq*C34£2«(-S>)*C] 
(-S| )#S2*Co#S5*S4*C3¥E2*C2*(-S)) | 


tro « [ (-S) )*S2*Co*S5*(-Sq)*C3*C2*C| 
(-S; )*So*Co*S5*(-S4)*C3*S2*(-S)) 
(-S| )#S2#C6*85*(-S4)*S3+E2*(-S2)*C 
(-S| )*S2#Cg*85*(-S4)*S3*E2*C2*(-S)) 
(-S| )*S2*Co*Ss*Cq*(-S3)*C2*C] 
(-S| )*S2*C6*S5+*Cq*(~S3)#S2*(-S)) 
(-S )*So*Cg*S5*C4*C3*p*(-S2)*C] 
(-S) )*So*Co*S5*Cq*C3*£2*C2*(-S)) | 


tir * [ (-S) )*S2*So*(-Ss)*C4*C3*C2*C} 

(-S| )*So*S6*(-S5)*C4*C3*S2*(-S)) 

(-S | )*S2*S6*(-Ss)*Cq*S3*£2*(-S2)*Cy 
(-S| )*S2*Sg#(-S5)*C4*S3#£2*C2*(-S;) 
(-S| )*S2*Se*(-S5)*Sq*(-S3)*C2*C; 

(-S| )*S2*Sg*(-S5)*S4*(-S3)*S2*(-S)) 
(-S| )*So*So*(-Ss5)*S4*C3*£p*(-S2)*C] 
(-S) )*S2#S6*(-S5)*S4#C34£> *C2*(-S | ) | 


ti2 * [ (-S) )*S2#Sg*(-S5)«(-S4)*C3*C2*Cy 


A-36 


[1,4,6,7,9,15,11,13,19,4,21] 
[1,3,5,8,9,15,11,13,19,4,21] 
[1,4,5,8,9,15,11,13,19,4,21] 
[1,3,6,8,9,15,11,13,19,4,21] 
[1,4,6,8,9,15,11,13,19,4,21] 


[1,3,5,7,10,16,11,13,19,4,21] 
[1,4,5,7,10,16,11,13,19,4,21] 
[1,3,6,7,10,16,11,13,19,4,21] 
[1,4,6,7,10,16,11,13,19,4,21] 
[1,3,5,8,10,16,11,13,19,4,21] 
[1,4,5,8,10,16,11,13,19,4,21] 
[1,3,6,8,10,16,11,13,19,4,21] 
[1,4,6,8,10,16,11,13,19,4,21] 


[1,3,5,7,9,17,12,13,19,4,21] 
[1,4,5,7,9,17,12,13,19,4,21] 
[1,3,6,7,9,17,12,13,19,4,21] 
[1,4,6,7,9,17,12,13,19,4,21] 
[1,3,5,8,9,17,12,13,19,4,21] 
[1,4,5,8,9,17,12,13,19,4,21] 
[1,3,6,8,9,17,12,13,19,4,21] 
[1,4,6,8,9,17,12,13,19,4,21] 


[1,3,5,7,10,18,12,13,19,4,21] 
[1,4,5,7,10,18,12,13,19,4,21] 
[1,3,6,7,10,18,12,13,19,4,21] 
[1,4,6,7,10,18,12,13,19,4,21] 
[1,3,5,8,10,18,12,13,19,4,21] 
[1,4,5,8,10,18,12,13,19,4,21] 
[1,3,6,8,10,18,12,13,19,4,21] 
[1,4,6,8,10,18,12,13,19,4,21] _ 


[1,3,5,7,9,15,11,14,19,4,21] 
[1,4,5,7,9,15,11,14,19,4,21] 
[1,3,6,7,9,15,11,14,19,4,21] 
[1,4,6,7,9,15,11,14,19,4,21] 
[1,3,5,8,9,15,11,14,19,4,21] 
[1,4,5,8,9,15,11,14,19,4,21] 
[1,3,6,8,9,15,11,14,19,4,21] 
[1,4,6,8,9,15,11,14,19,4,21] 


[1,3,5,7,10,16,11,14,19,4,21] 
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(-S| )*S2*S6*(-S5)*(-S4)*C3*S2*(-S)) 
(-S) )*S2*S6*(-S5)*(-S4)*S3*E2*(-S2)*C} 
(-S\ )*S2*S6*(-S5)#(-S4)*S3*22*C2*(-S |) 
(-S| )#S2#S6*(-S5)*C4x(-S3)*C2*C| 

(-S) )*S2*S6*(-S5)*C4*(-S3)*S2*(-S)) 
(-S| )*S2*Sg*(-S5)*C4*C3*£2*(-S2)*Cy 
(-S| )*So#So*(-S5)*Cq*C3*E2*C2*(-S)) | 


toi « [ (-S|)*S2*Sg*C5*C4*C3*C2*Cy 


(-s) )#So4Sg*C5*Cq*C3*S2*(-S | ) 

(-s; )*S2 #*S6*C5*C4*S3*204(-S>)*C] 
(-S| )*So*Sg*C5*C4*S34E2*C2*(-S)) 
(-S| )*S2*S6*C5*S4*(-S3)*C2*Cy 

(-s )*So*S6*C5*S4*(-S3)*So*(-S | ) 
(-S | )#S2*S6*C5*S4*C3#E7«(-S2)*C] 
(-S) )*So*So*C5*Sq*C3#£2*C2*(-S)) ] 


tro * [ (-S| )*So*So*C5*(-S4)*C3*C2*C| 


(-S| )*S2*S6*C5*(-S4)*C3#S2*(-S |) 
(-S| )*S2*So*C5*(-S4)*S3#£2*(-S2)*C} 
(-S| )*So*S6*C5*(-S4)*S3*E2*C2*(-S)) 
(-S) )*So*Sg*C5*C4*(-S3)*C2*C] 

(-S| )*S2*Se*C5*C4*(-S3)*S2*(-S)) 
(-S| )*S2*So#C5*C4+C3*€2*(-S2)*C; 
(-S| )*So*Sg*C5*Cq*C3*£2*C2*(-S;) | 


tir * | (-S))*C2*22*(-S6)*C5*C4*C3*C2*Cy 


(-S| )*C2*E2*(-S¢)*C5*C4*C3*S2*(-S)) 

(-S| )xC2*&2*(-S6)*C5*Cq*S3¥£2*(-S2)«C] 
(-S| )*C2*&2*(-S6)*C5*C4*S3*£2*C2*(-S)) 
(-S| )*C2*&p*(-S6)*C5*S4*(-S3)*C2*C} 

(-S) )*C2*o*(-S¢)*C5*S4*(-S3)*S2*(-S)) 
(-S| )*C2*€2*(-So)*C5*Sq*C3*£2*(-S2 )#Cy 
(-S| )*C2*2o#(-S6)*C5*S4*C34£2*C2*(-S)) | 


tia * [ (-S) )«C2*€2*(-S6)*C5*(-S4)*C3*C2*C| 


(-S; )#C2*Eo*(-S6)*C5*(-S4)*C3*S2*(-S)) 
(-S| )*C2¥E2*(-So)*C5*(-S4)#S34E2*(-S2)*C] 
(-S| )*C2*E2*(-S¢)*C5#(-S4)*S3*E2*C2*(-S)) 
(-S\ )*C2*£2*(-S6)*C5*C4*(-S3)*C2*C} 

(-S) )*C2*E2*(-S¢)*C5*C4x(-S3)*S2*(-S |) 
(-S| )*C2*E2*(-S6)*C5*C4*C3*£2*(-S2)*C] 


A-37 


[1,4,5,7,10,16,11,14,19,4,21] 
[1,3,6,7,10,16,11,14,19,4,21] 
[1,4,6,7,10,16,11,14,19,4,21] 
[1,3,5,8,10,16,11,14,19,4,21] 
[1,4,5,8,10,16,11,14,19,4,21] 
[1,3,6,8,10,16,11,14,19,4,21] 
[1,4,6,8,10,16,11,14,19,4,21] 


[1,3,5,7,9,17,12,14,19,4,21] 
[1,4,5,7,9,17,12,14,19,4,21] 
[1,3,6,7,9,17,12,14,19,4,21] 
[1,4,6,7,9,17,12,14,19,4,21] 
[1,3,5,8,9,17,12,14,19,4,21] 
[1,4,5,8,9,17,12,14,19,4,21] 
[1,3,6,8,9,17,12,14,19,4,21] 
[1,4,6,8,9,17,12,14,19,4,21] 


[1,3,5,7,10,18,12,14,19,4,21] 
[1,4,5,7,10,18,12,14,19,4,21] 
[1,3,6,7,10,18,12,14,19,4,21] 
[1,4,6,7,10,18,12,14,19,4,21] 
[1,3,5,8,10,18,12,14,19,4,21] 
[1,4,5,8,10,18,12,14,19,4,21] 
[1,3,6,8,10,18,12,14,19,4,21} 


[1,4,6,8,10,18,12,14,19,4,21] _§f 


[1,3,5,7,9,15,11,13,20,4,21] 
[1,4,5,7,9,15,11,13,20,4,21] 
[1,3,6,7,9,15,11,13,20,4,21] 
[1,4,6,7,9,15,11,13,20,4,21] 
[1,3,5,8,9,15,11,13,20,4,21] 
[1,4,5,8,9,15,11,13,20,4,21] 
[1,3,6,8,9,15,11,13,20,4,21] 
[1,4,6,8,9,15,11,13,20,4,21] 


[1,3,5,7,10,16,11,13,20,4,21] 
[1,4,5,7,10,16,11,13,20,4,21] 
[1,3,6,7,10,16,11,13,20,4,21] 
[1,4,6,7,10,16,11,13,20,4,21] 
[1,3,5,8,10,16,11,13,20,4,21] 
[1,4,5,8,10,16,11,13,20,4,21] 
[1,3,6,8,10,16,11,13,20,4,21] 
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(-S| )eCa*Ep*(-S6)*C5*Cq*C34£2*C2*(-S)) | 


to * [ (-S) )*C2*E2*(-So)*S5*C4*C3*C2*C| 


(-S| )«C2*€9*(-S6)*S5*C4*C3*S2*(-S)) 

(-S) )*Cz*E2*(-S6)*S5*C4S34E2*(-S2)*Cy 
(-S| )*Cz*£2*(-S6)*S5*C4*S3*E2*C2*(-S)) 
(-S| )*Ca*B2*(-S6)*S5*S4*(-S3)*C2*C} 

(-S} )*C2*&2*(-S6)*85+*S4*(-S3)*So*(~S)) 
(-S | )xCz*E2*(-So)*S5#S4xC3*E0*(-S2)+C} 
(-S| *C2*€2*(-S6)+Ss*Sq*C3422*C2*(-5)) | 


to2 * [ (-S))*C2*E2*(-S6)*S5*(-S4)*C3*C2*C] 


(-S| )*C2*E*(-S6)*S5*(-S4)*C3*S2*(-S) ) 
(-S )*C2*E2*(-So)*S5#(-S4)*S3*E2*(-S2)*C} 
(-S) )*C2*E2*(-So)*S5*(-S4)#S3*E2*C2*(-S)) 
(-S| )*C2*E2*(-S6)*S5*C4+(-S3)*C2*C] 

(-S) )#Cz**(-S6)*S5*C4*(-S3)*S2*(-S)) 
(-S )*C2*£2*(-So)*S5*C4*C3*£2*(-S2)*C} 
(-S) )*C2*&p«(-S6)*S5*C4*C3*22*C2*(-S)) | 


tis * | (-S) )*Co*E2*Cg*(-S5)*C4*C3*C2*Cy 


(-S| )*C2#€&2*C6*(-S5)*C4*C3*S2*(-S)) 

(-S| )*C2#&o*Cox(-S5)#C4*S3*o*(-S2)*C} 
(-S| )*Cz*E2*C6*(-S5)*C4+S3*2*C2*(-S | ) 
(-S| *C2*£2*C6*(-Ss)*S4*(-S3)*C2*C; 

(-S) )*C2*E2*Co*(-S5)*S4*(-S3)*So*(-S)) 
(-S| )xC2#£o*Co*(-S5)*S4qxC3*£2*(-S2)+C| 
(-S) )#C2*E2*C6*(-S5)#Sq*C3*E2*C2*(-S)) | 


tia * | (-S))*C2*E2*CG«(-Ss)*(-S4)*C3*C2*C] 


(-S| )*C2*&2*Cg*(-Ss)*(-S4)*C3*S2*(-5)) 
(-S) )wC2*E2*C6*(-S5)*(-S4)*S3*E2*(-S2)*Cy 
(-S| )*C2*E2*C6*(-S5)*(-S4)*S3*£2*C2*(-S)) 
(-S| )*Cz*Eo*C6*(-S5)*C4*(-S3)*C2*C] 

(-S| )*C2*E2*Co*(-S5)*Cq*(-S3)*S2*(-5)) 
(-S) )*C2*&2*Co*(-S5)*C4*C3*E2*(-S2)«C] 
(-S) )*C2*E2*C6*(-Ss)*C4*C3*E2*C2*(-S)) | 


tay * [ (-S))*C2*82*Ce*C5*CqxC3*C2*C] 


(-S| )xC2*&2*C6#C5*C4*C3+S2*(-S)) 
(-S) )*Cz*£2*Co*C5*Cq*S3*£2*(-S2)*C] 


[1,4,6,8,10,16,11,13,20,4,21] 


[1,3,5,7,9,17,12,13,20,4,21] 
[1,4,5,7,9,17,12,13,20,4,21] 
[1,3,6,7,9,17,12,13,20,4,21] 
[1,4,6,7,9,17,12,13,20,4,21] 
[1,3,5,8,9,17,12,13,20,4,21] 
[1,4,5,8,9,17,12,13,20,4,21] 
[1,3,6,8,9,17,12,13,20,4,21] 
[1,4,6,8,9,17,12,13,20,4,21] 


[1,3,5,7,10,18,12,13,20,4,21] 
[1,4,5,7,10,18,12,13,20,4,21] 
[1,3,6,7,10,18,12,13,20,4,21] 
[1,4,6,7,10,18,12,13,20,4,21] 
[1,3,5,8,10,18,12,13,20,4,21] 
[1,4,5,8,10,18,12,13,20,4,21] 
[1,3,6,8,10,18,12,13,20,4,21] 
[1,4,6,8,10,18,12,13,20,4,21] _ 


[1,3,5,7,9,15,11,14,20,4,21] 
[1,4,5,7,9,15,11,14,20,4,21] 
[1,3,6,7,9,15,11,14,20,4,21] 
[1,4,6,7,9,15,11,14,20,4,21] 
[1,3,5,8,9,15,11,14,20,4,21] 
[1,4,5,8,9,15,11,14,20,4,21] 
[1,3,6,8,9,15,11,14,20,4,21] 
[1,4,6,8,9,15,11,14,20,4,21] 


[1,3,5,7,10,16,11,14,20,4,21] 
[1,4,5,7,10,16,11,14,20,4,21] 
[1,3,6,7,10,16,11,14,20,4,21] 
[1,4,6,7,10,16,11,14,20,4,21] 
[1,3,5,8,10,16,11,14,20,4,21] 
[1,4,5,8,10,16,11,14,20,4,21] 
[1,3,6,8,10,16,11,14,20,4,21] 
[1,4,6,8,10,16,11,14,20,4,21] 


[1,3,5,7,9,17,12,14,20,4,21] 
[1,4,5,7,9,17,12,14,20,4,21] 
[1,3,6,7,9,17,12,14,20,4,21] 
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(-S| )*C2*E2*Ce*C5*C4*S3*£2*C2*(-S)) 
(-S| )*C2*E2*C6*C5*S4*(-S3)*C2*C] 

(-S| )*C2*&2*C6*C5*S4*(-S3)*S2*(-S)) 
(-S| )*C2*E0*C6*C5*Sq*C3*£04(-S2)*C] 
(-S )#C2#£2*C6*C5*S4*C3#£2*C2*(-S/) | 


tr2 * [ (-S| )*#C2*E2*C6*C5*(-S4)*C3*C2*C] 


(-S) )*Ca*E2*C6*C5*(-S4)*C3*52*(-S/) 
(-S| )*C2*E2*C6*C5#(-S4)*S3*E2*(-S2)*C} 
(-S| *Cz*E2*C6*C5#(-S4)*S3#E2*C2*(-S)) 
(-S) )*C2*E2*Co*C5*C4*(-S3)*C2*C] 

(-S| )*C2*E2*C6*C5*C4*(-S3)*S2*(-S)) 
(-S | )*C2*82*Co#C5*C4xC3*82*(-S2)*C] 
(-S) )*C2*&9*Co*C5*C4xC3*E2*C2*(-S;) | 


[1,4,6,7,9,17,12,14,20,4,21] 
[1,3,5,8,9,17,12,14,20,4,21] 
[1,4,5,8,9,17,12,14,20,4,21] 
[1,3,6,8,9,17,12,14,20,4,21] 
[1,4,6,8,9,17,12,14,20,4,21] 


[1,3,5,7,10,18,12,14,20,4,21] 
[1,4,5,7,10,18,12,14,20,4,21] 
[1,3,6,7,10,18,12,14,20,4,21] 
[1,4,6,7,10,18,12,14,20,4,21] 
[1,3,5,8,10,18,12,14,20,4,21] 
[1,4,5,8,10,18,12,14,20,4,21] 
[1,3,6,8,10,18,12,14,20,4,21] 
[1,4,6,8,10,18,12,14,20,4,21] |i 


Arrays of coefficients and phase indices for 7}, 
T\2>= 5 {c; [21] Pi7,12 + (-s:) [21] P1722} 


La[tiie[ creCoecoecsecqeczeCre5 +E [2,3,5,7,9,15,11,13,19,3,21] 


C1 *C2*Co*C5*CqxC34S 94] #&) 

C1 *C2*C6*C5*CqxS3 £9 *(-S2)#S | #E | 
Cy *Co*CpeC5*C4S3%60*C2*C] *£) 
C1 *C2*Co*C5¥Sq*(-S3)*C2#S | #€ | 

C1 *C2*CoxC5¥Sq(-S3)*S2¥C] #€ | 

Cp *C2#C 6 *C5*S4eC3*£04(-S2)aS | ¥f| 
Cp *C2*CoeC5+Sq*Cz4E2*C2*Cp +E) | 


tia * | Cy*C2*Cg*C5*(-S4)*C3*C2* Sj *e) 


C1 *C2*C6*C5*(-S4)*C3 #S2*C] ¥E | 

C1 *C2*C6*C5*(-S4)*S3 #22 *(-S2)#S | #E) 
C1 #C2*Co*C5*(-S4)*S3*E2*C2#Cp 4E | 
C1 #C2*C6*C5*Cq*(-S3)*C2*S | #E | 

C1 *C2*CG*C5*C4x(-S3)#S2*C] #e 

Cy *C2#CG*C5*C4*C3 #2 9*(-S2)#S | ¥E 
C1 #*C2*CgsC5*Cg*Cz*£p4C2*Cp*£) | 


tay * | Cp*C2*Co*S5*C4*C3*C2*S | f) 


Cy *C2#*C6*S5*Cq*C3*S 94] #£) 
Cy *C2*C6¥S5#C4xS3*874(-S2)#S | +E 


A-39 


[2,4,5,7,9,15,11,13,19,3,21] 
[2,3,6,7,9,15,11,13,19,3,21] 
[2,4,6,7,9,15,11,13,19,3,21] 
[2,3,5,8,9,15,11,13,19,3,21] 
[2,4,5,8,9,15,11,13,19,3,21] 
[2,3,6,8,9,15,11,13,19,3,21] 
[2,4,6,8,9,15,11,13,19,3,21] 


[2,3,5,7,10,16,11,13,19,3,21] 
[2,4,5,7,10,16,11,13,19,3,21] 
[2,3,6,7,10,16,11,13,19,3,21] 
[2,4,6,7,10,16,11,13,19,3,21] 
[2,3,5,8,10,16,11,13,19,3,21] 
[2,4,5,8,10,16,11,13,19,3,21] 
[2,3,6,8,10,16,11,13,19,3,21] 
[2,4,6,8,10,16,11,13,19,3,21] 


[2,3,5,7,9,17,12,13,19,3,21] 
[2,4,5,7,9,17,12,13,19,3,21] 
[2,3,6,7,9,17,12,13,19,3,21] 
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Cj *C2*Co*S5*C44S3 409 *C24*C] +f) 
Cy *C2¥CoxS5*Sq*(-S3 )*C2*5 | # | 
C1 *C2*Co*S5*S4*(-S3)*So*Cy*E) 
Cy #C2*C6+S5*S4*C34£2*(-S2)aS | ¥€ | 
C1 *C2*Co*S5*Sq*C3*E2*C2*Cj +e) | 


too * [ Cy*C2*Co*S5+(-S4)*C3*C2*S | #2) 


C1 #C2*C5¥S5*(-S4)#C3#S)*C] ¥£ | 

C1 *C2*C6*S5*(-S4)*S3*E9*(-S2)«S) #E) 
C1 *C2*C6+S5*(-Sq)*S3*E2*C2*C] +€ | 
Cy *C2*Ce*S5*C4x(-S3)*C2¥S | #€ | 

C1 #C2*Co+S5*C4*(-S3)*S2*Cy*€ | 

Cy #C2#C6¥S5*C4q*C34£0*(-S2 aS #E 

C1 *C2#*C6*S5*C4*C3*E0*C2*Cp*E) | 


ti * [ Cy*C2*SG*(-S5)*CqxC34CzH5 | #€ 


C1 *C2*S6*(-S5)*CqxC3#S2*C] *& | 

C1 *C2*S6*(-S5)*C4*S3*£2*(-S2)*S | «E) 
C1 *C2*S6*(-S5)*Cq*S3¥fo*C2#C] ¥E | 

C1 *C2*S6*(-S5)*Sq*(-S3 )*C2S | +f) 

C1 *C2#S6*(-Ss)*S4*(-S3)*S2*C] #€ | 

C1 *C2*S6*(-S5)*Sq*C3*£2*(-So)#S | #€) 
Cy *C2#S6*(-S5)*S4xC3+E2*C2*C 1+) | 


tia * [Cy *C2*S6*(-S5)*(-S4)*C3*C2*S | +E 


C1 *C2*S6#(-S5)*(-S4)*C3¥S2*C] ¥E | 

C1 *C2*S6*(-S5)*(-S4)*S3*E2*(-S2)#S | +E 
C1 *C2*S6*(-S5)*(-S4)*S3*f2*C2*C] +E) 
C1*C2*S6*(-S5)*Cq*(-S3)*C2*S | #E| 

C1 *C2*S6*(-S5)*Cqx(-S3)*S2*C1 +E 

C1 *C2*S6*(-S5)*Cq*C34£2*(-S2)#S) #E) 

Cy *C2#S6*(-S5)*C4*C3¥E2*C2*Cj xe) | 


to, * [ Cy*Cz*Sg*C5*C4xC3*C2#S | #€) 


Cy *C2*S6*C5*Cq*C3459*C] #€| 

C1 *C2#S6*C5*C4+S3*E2*(-S2)*S | *€) 
C1 *C2¥S6*C5*C4*S3#£2*C2*C] +E) 
C1 *C2*S6*C5*S4*(-S3 )¥C2#S | #E | 

C1 #C2*S6#C5*S4*(-S3)#S2*C] #€ | 

C1 *C2#S6*C54S4*C3+£2*(-S2)#S | +E 
Cy #C2#S6¥C5+S4xC34E74Cz*Cp +e) | 


A-40 


[2,4,6,7,9,17,12,13,19,3,21] 
[2,3,5,8,9,17,12,13,19,3,21] 
(2,4,5,8,9,17,12,13,19,3,21] 
[2,3,6,8,9,17,12,13,19,3,21] 
[2,4,6,8,9,17,12,13,19,3,21] 


[2,3,5,7,10,18,12,13,19,3,21] 
[2,4,5,7,10,18,12,13,19,3,21] 
(2,3,6,7,10,18,12,13,19,3,21] 
[2,4,6,7,10,18,12,13,19,3,21] 
[2,3,5,8,10,18,12,13,19,3,21] 
[2,4,5,8,10,18,12,13,19,3,21] 
[2,3,6,8,10,18,12,13,19,3,21] 
[2,4,6,8,10,18,12,13,19,3,21] | 


[2,3,5,7,9,15,11,14,19,3,21] 
[2,4,5,7,9,15,11,14,19,3,21] 
[2,3,6,7,9,15,11,14,19,3,21] 
[2,4,6,7,9,15,11,14,19,3,21] 
[2,3,5,8,9,15,11,14,19,3,21] 
[2,4,5,8,9,15,11,14,19,3,21] 
[2,3,6,8,9,15,11,14,19,3,21] 
[2,4,6,8,9,15,11,14,19,3,21] 


[2,3,5,7,10,16,11,14,19,3,21] 
[2,4,5,7,10,16,11,14,19,3,21] 
[2,3,6,7,10,16,11,14,19,3,21] 
[2,4,6,7,10,16,11,14,19,3,21] 
[2,3,5,8,10,16,11,14,19,3,21] 
[2,4,5,8,10,16,11,14,19,3,21] 
[2,3,6,8,10,16,11,14,19,3,21] 
[2,4,6,8,10,16,11,14,19,3,21] 


[2,3,5,7,9,17,12,14,19,3,21] 
[2,4,5,7,9,17,12,14,19,3,21] 
[2,3,6,7,9,17,12,14,19,3,21] 
[2,4,6,7,9,17,12,14,19,3,21] 
[2,3,5,8,9,17,12,14,19,3,21] 
[2,4,5,8,9,17,12,14,19,3,21] 
[2,3,6,8,9,17,12,14,19,3,21] 
[2,4,6,8,9,17,12,14,19,3,21] 


NAWCWD TP 8592 


to * [ Cy*C2*So*C5+(-S4)*C3*C2+5 | #€ | 


Cy #C2¥*S6*C5*(-Sq)*C3* S2¥C1*E 

C1 *C2#S6C5*(-S4)*S3*£2*(-S2)¥S | #2) 
C1 #C2*S6#C5#(-S4)*S3*E2*C2*C] +£) 
C1 *C2#*S6*C5*Cq*(-S3)*C2*S | # | 

C1 *C2*S6*C5*C4x(-S3 )#S2*C] +£ | 

C1 *C2#S6#C5*C4xC3¥£2*(-S2)#S | *€ | 
Cy*C2#*So*C5*Cg*C3*E0*C2*Cj xe) | 


tii*| Cy*(-S)*&> «(-S6)*C5*C4*C3*C2*S) *€| 


C*(-Sp)#£o*(-S6)*C5*CqxC34S24C] ¥€ 
C1*(-S2)*£2*(-S6)*C5*C4*S3*£*(-S2)#S | #€ | 
C1*(-S2)*Eo*(-S6)*C5*C44S3 482 *C2#C] ¥E | 
Cy*(-S2 )*£2*(-S6)*C5*S4*(-S3)*C2*S | ¥f) 

C1 *(-S2)*E2*(-S6)#C5*S4*(-S3)*S2*C]*E) 

C1 *(-S2)#&2*(-S6)*C5*S4*C34E2*(-S)*S j +E) 
C1 *(-S2)*E2*(-S6)*C5*#S4*C3*E2*C2*Cy +2) | 


ti2 * [ Cy*(-S2)*£2#(-S6)*C5*(-S4)*C3*C2* S| +e) 


C1 *(-S2 )¥E2#(-S6)*C5*(-S4)*C3#S2*C] #E) 


Cy *(-S>)*&2*(-S6)*C5*(-S4)*S34*E2*(-S2)*S) *f) 


C1 *(-S2)*£2*(-S6)#C5*(-S4)*S3*E2*C2*C] *E 
C*(-S2)*&2#(-S6)*C5*Cq*(-S3)*C2*S | + | 
C1 #(-S2)*£o*(-S6)*C5*Cq*(-S3)#S2*C] 42 
(Cj *-S2)*&2*(-So)#C5*C4xC34E2*(-S2)#S | #E) 
Cy#(-S2)*E2*(-So)*C5*C4xC3¥E2*CQ*Cj +E) | 


tay « [Cy*(-S2)*&2*(-So)*S5*CqeC3*C245 | +€| 


C1 *(-S2)*E2*(-So)*S5*C4*C3*So*C] *E | 

C1 *(-S2)*E2*(-S6)*S5*C4xS3*E2*(-S2)#S | #E) 
C1 #(-S2 )*E2*(-So)#S5*C44S3*E2*C24C] ¥€ | 
C*(-S)*€2*(-S6)*S5+S4*(-S3)*C2*5 | #E) 

C1 *(-S2)*£*(-Se)*S5*Sqx(-S3)*S2*C +E | 
C1*(-S2)*E2*(-S6)*S5*S4*C3 +E 2*(-S2)#S | *E| 
C1 *(-S2)*E2(-So)#S5*SgxC3*E04C2*Cj +e) | 


tr2 * [ Cy*(-S2)*E2*(-So)*S5*(-S4)*C3*C2*S | #E | 


C1 #(-S2)*Eo#(-S6)*S5*(-S4)*C3*S2*C] #€ 


C1 *(-S>)*£o#(-S6)#S5*(-S4)*S3*20*(-S>)aS) #E) 


C1 *(-S2)#&o*(-So)*S5*(-S4)*S3*E2*C2*C] *E) 


A-41 


[2,3,5,7,10,18,12,14,19,3,21] 
[2,4,5,7,10,18,12,14,19,3,21] 
[2,3,6,7,10,18,12,14,19,3,21] 
[2,4,6,7,10,18,12,14,19,3,21] 
[2,3,5,8,10,18,12,14,19,3,21] 
[2,4,5,8,10,18,12,14,19,3,21] 
[2,3,6,8,10,18,12,14,19,3,21] 


[2,4,6,8,10,18,12,14,19,3,21] | ff 


[2,3,5,7,9,15,11,13,20,3,21] 
[2,4,5,7,9,15,11,13,20,3,21] 
[2,3,6,7,9,15,11,13,20,3,21] 
[2,4,6,7,9,15,11,13,20,3,21] 
[2,3,5,8,9,15,11,13,20,3,21] 
[2,4,5,8,9,15,11,13,20,3,21] 
[2,3,6,8,9,15,11,13,20,3,21] 
[2,4,6,8,9,15,11,13,20,3,21] 


[2,3,5,7,10,16,11,13,20,3,21] 
[2,4,5,7,10,16,11,13,20,3,21] 
[2,3,6,7,10,16,11,13,20,3,21] 
[2,4,6,7,10,16,11,13,20,3,21] 
[2,3,5,8,10,16,11,13,20,3,21] 
[2,4,5,8,10,16,11,13,20,3,21] 
[2,3,6,8,10,16,11,13,20,3,21] 
[2,4,6,8,10,16,11,13,20,3,21] 


[2,3,5,7,9,17,12,13,20,3.21) 
[2,4,5,7,9,17,12,13,20,3,21] 
[2,3,6,7,9,17,12,13,20,3,21] 
[2,4,6,7,9,17,12,13,20,3,21] 
[2,3,5,8,9,17,12,13,20,3,21] 
[2,4,5,8,9,17,12,13,20,3,21] 
[2,3,6,8,9,17,12,13,20,3,21] 
[2,4,6,8,9,17,12,13,20,3,21] 


[2,3,5,7,10,18,12,13,20,3,21] 
[2,4,5,7,10,18,12,13,20,3,21] 
[2,3,6,7,10,18,12,13,20,3,21] 
[2,4,6,7,10,18,12,13,20,3,21] 


NAWCWD TP 8592 


C1 *(-S2)*E2*(-S6)*S5*Cqx(-S3 )*C2*S | #€ | 
C1*(-S2)*£9#(-Se)*S5*Cq*(-S3)#S2*Cy4€ 
Ci «(-Sp)*€*(-S6)*S5*C4*C34£2 +(-S2)«S) *£ | 
C1 *(-S2)#£2#(-S6)#S5*CqeC3*20*Co*C) +E) | 


tit * | Cy*(-S2)*E2* Co*(-S5)*Cq*C3*C2#S | #€ 


C1*(-S2)*£0*C6*(-S5)*C4*C34S2*C] #2) 

C1 #(-S2)*E2*C6#(-S5)*C4xS3*22*(-S2)#S | #€ 
C1 +(-S2)*€2*CG*(-S5)#C4#S3*£0*C2*C] #E) 
C1 #(-S2)*E2*C6*(-S5)*S4*(-S3)*C2*5 | ¥E | 

C1 #(-S2)*E2*Cox(-S5)*S4x(-S3)*S24C *€ | 

C1 #(-S2)*€2*Co«(-S5)*S4*C3*2*(-S2)*S) #2) 
Cy #(-S2)*Eo*CG*(-S5)*Sg*C3*£0*Ca#Cj +E) | 


tio * [ Cy*(-S2)*£2*Co*(-Ss5)*(-S4)*C3*C2#S | #2 


Cy *(-S2 )#£o*CG*(-S5)*(-S4)*C3*S2*C 1 ¥E | 


C1 *(-S2)*E2*Co#(-S5)*(-S4)*S3*£0*(-S2)#S) *E) 


C1 #(-S2 )#E2*CG*(-S5)*(-S4)*S3*E2"C2#C +E 
C1 *(-S2)*E*C5*(-S5)*Cq*(-S3)*C2*5 | +E 
C1 *(-S2)*E2*Cox(-S5)*Cq*(-S3)*S2¥C] #€ | 
C| +(-S>)*£2*Cg*(-S5)*C4*C 34 *(-S2)*S | #£ | 
C1 #(-S2)*£o*Cex(-S5)*Cq*C3¥E2¥C2*C jE) | 


to) * | Cy*(-S2)*E2*Cg*C5*Cq*C3+C2*S | +f 


C1 *(-S2)*E2*Cg*C5*C4xC34*S2*C] *€ | 

C1 *(-S2)*E2*Co*C5*C4xS34E#(-S2)#S | +E 
Cy *(-S2)#£o*Co*C5*C4*S3*60*C2*C] +E) 

C1 #(-S2)*€2*C6*C5*S4x(-S3)*C2*5 | +E 

C} +(-S>)*£*C6*C5+S4*(-S3)*S> *C)*0) 

C1 *(-S2)*E2*C6*C5*S4*C3*£2*(-S2)#S *E) 
C1 *(-S2)*E2*Cg*C5*SqxCz*£0%C2*Cj*e) | 


tro * [ Cy*(-S2)*E2*Co*C5*(-S4)*C3*C2*S | #E) 


Cy *(-S2)*E2*C6*C5*(-S4)*C3¥S2*C]*€) 

C| «(-So )*€2*Co*C5*(-S4)*S3*£2 *(-S)*S) *£ | 
C1 *(-S2)*Eo*Co*C5*(-S4)*S3*E2*C2*C] +2) 
C} +(-S2)*E2*C6*C5*C4*(-S3)*C2*S jE) 

C] «(-S2)*Eo*C6*C5*Cq*(-S3)#So Cj *£) 

C1 *(-S2 )#E2*CG#C5*CqxC3*£*(-S>)#S | ¥E 

C1 *(-S2)*Eo*Cg*Cs*CqeC3¥£o%C2*Cy*e) | 


A-42 


[2,3,5,8,10,18,12,13,20,3,21] 
[2,4,5,8,10,18,12,13,20,3,21] 
[2,3,6,8,10,18,12,13,20,3,21] 
[2,4,6,8,10,18,12,13,20,3,21] | 


[2,3,5,7,9,15,11,14,20,3,21] 
[2,4,5,7,9,15,11,14,20,3,21] 
[2,3,6,7,9,15,11,14,20,3,21] 
[2,4,6,7,9,15,11,14,20,3,21] 
[2,3,5,8,9,15,11,14,20,3,21] 
[2,4,5,8,9,15,11,14,20,3,21] 
[2,3,6,8,9,15,11,14,20,3,21] 
[2,4,6,8,9,15,11,14,20,3,21] 


[2,3,5,7,10,16,11,14,20,3,21] 
[2,4,5,7,10,16,11,14,20,3,21] 
[2,3,6,7,10,16,11,14,20,3,21] 
[2,4,6,7,10,16,11,14,20,3,21] 
[2,3,5,8,10,16,11,14,20,3,21] 
[2,4,5,8,10,16,11,14,20,3,21] 
[2,3,6,8,10,16,11,14,20,3,21] 
[2,4,6,8,10,16,11,14,20,3,21] 


[2,3,5,7,9,17,12,14,20,3,21] 
[2,4,5,7,9,17,12,14,20,3,21] 
[2,3,6,7,9,17,12,14,20,3,21] 
[2,4,6,7,9,17,12,14,20,3,21] 
[2,3,5,8,9,17,12,14,20,3,21] 
[2,4,5,8,9,17,12,14,20,3,21] 
[2,3,6,8,9,17,12,14,20,3,21] 
(2,4,6,8,9,17,12,14,20,3,21] 


[2,3,5,7,10,18,12,14,20,3,21] 
(2,4,5,7,10,18,12,14,20,3,21] 
[2,3,6,7,10,18,12,14,20,3,21] 
[2,4,6,7,10,18,12,14,20,3,21] 
[2,3,5,8,10,18,12,14,20,3,21] 
[2,4,5,8,10,18,12,14,20,3,21] 
[2,3,6,8,10,18,12,14,20,3,21] 


[2,4,6,8,10,18,12,14,20,3,21] | i 


NAWCWD TP 8592 


ti1 * | (-S) )*S2*Co*C5#C4xC3Cz*5 | +€ 


(-S\ )*So*C6*C5*C4qxC3*S24C] *€ | 

(-S| )*S2*C6*C5*C4*S3*£2*(-S2)#S) #2) 
(-S| )*So*C6*C5*C4eS3*29*C2*C 1] +E | 
(-S) )#S2*C6*C5*S4x(-S3)*C2#5 | #€ 
(-S| )*So*Cg*C5*Sqx(-S3)*S2*C] *€ 
(-S| )#S2*Cg*C5+*S4*C3*22*(-S2)#S +E | 
(-S| )*So*Cg+C5+*Sq*C3*E2*C2#Cj +E) | 


tia * [ (-S) )*S2*Cg*C5*(-S4)*C3*C2* S) Ee) 


(-s; «So #*C6*C5*(-S4)*C3 #S9#C 1 *&) 

(-S| )#S2*Co*C5*(-S4)#S3422*(-S2)*S +E) 
(-S| )*S2*Co*C5*(-S4)*S3*E2*C2¥C] +E) 
(-S| )*S2*C6*C5*Cq*(-S3)#C2#S | +f 

(-S )*S2*Co*C5#Cqx(-S3)*S24C] +8 | 

(-S | )*S2*Cg*C5#CqxC3 482 *(-S2)*S | +) 
(-S| )wSo*Co*C5*CqxC3*£0*C2+C i+) | 


try * [ (-S) )*S2*Cg*S5*Cq*C3*C2#S | +E 


(-S) )*So*Co*S5*Cq*C3*S2*C] +E) 

(-S| )#S2*Co#S5*C4+S34E2*(-S2)#S | +E | 
(-s; )#So¥CoeS5*Cq*S3*l04C24C] #& | 
(-S| )*S2*Co*S5*S4x(-S3)*C2*S | #E) 
(-S| )*So*Cg*S5*Sqx(-S3)*S2*Cy +e) 
(-S) )*S2*C6*S5*S4xC3¥E2*(-S2)#S | €) 
(-S) )#So*C6*S5*S4*C3*E2*C2*Cj +E) | 


to2 + [ (-S) )*S2*C6*S5*(-S4)*C3*C2+5S | +f) 


(-S) )*So*CexS5*(-S4)*C3*S2*Cy +E) 

(-S) )*S2*Co*Ss*(-S4)*S3*E2*(-S2)*S | *€ 
(-S))*So *C6*S5*(-S4)*S3 #£94C2#Cj*E| 
(-S} )*S2*C6¥S5*Cq*(-S3 )#C2¥S | #€ | 

(-S| )¥S2*Cg*S5*Cqx(-S3)#S2*C1 +E 

(-S) )*S2*C6*S5*C4*C34+£9*(-S2) Sj *E) 
(-S| )*So*Co*S5*Cq*C3*Ep*C2*Cj*e) | 


ti * | (-S) )*S2*So*(-S5)*C4*C3*C2#S | #€ | 


(-s) )«So *S6*(-S5)*C4*C3*S2 C1 *E| 

(-S| )*S2*S6#(-S5)*C4xS3+E2*(-S2)#S)#€) 
(-S| )*S2*S6*(-S5)*C4xS3*£2*C2*C] + | 
(-S| )*S2*S6*(-S5)*S4*(-S3)*C2*S | *€ | 


A-43 


[2,3,5,7,9,15,11,13,19,4,21] 
[2,4,5,7,9,15,11,13,19,4,21] 
[2,3,6,7,9,15,11,13,19,4,21] 
[2,4,6,7,9,15,11,13,19,4,21] 
[2,3,5,8,9,15,11,13,19,4,21] 
[2,4,5,8,9,15,11,13,19,4,21] 
[2,3,6,8,9,15,11,13,19,4,21] 
[2,4,6,8,9,15,11,13,19,4,21] 


[2,3,5,7,10,16,11,13,19,4,21] 
[2,4,5,7,10,16,11,13,19,4,21] 
[2,3,6,7,10,16,11,13,19,4,21] 
[2,4,6,7,10,16,11,13,19,4,21] 
[2,3,5,8,10,16,11,13,19,4,21] 
[2,4,5,8,10,16,11,13,19,4,21] 
[2,3,6,8,10,16,11,13,19,4,21] 
[2,4,6,8,10,16,11,13,19,4,21] 


[2,3,5,7,9,17,12,13,19,4,21] 
[2,4,5,7,9,17,12,13,19,4,21] 
[2,3,6,7,9,17,12,13,19,4,21] 
[2,4,6,7,9,17,12,13,19,4,21] 
[2,3,5,8,9,17,12,13,19,4,21] 
[2,4,5,8,9,17,12,13,19,4,21] 
[2,3,6,8,9,17,12,13,19,4,21] 
[2,4,6,8,9,17,12,13,19,4,21] 


[2,3,5,7,10,18,12,13,19,4,21] 
[2,4,5,7,10,18,12,13,19,4,21] 
[2,3,6,7,10,18,12,13,19,4,21] 
[2,4,6,7,10,18,12,13,19,4,21] 
[2,3,5,8,10,18,12,13,19,4,21] 
[2,4,5,8,10,18,12,13,19,4,21] 
[2,3,6,8,10,18,12,13,19,4,21] 
[2,4,6,8,10,18,12,13,19,4,21] _ 


[2,3,5,7,9,15,11,14,19,4,21] 
[2,4,5,7,9,15,11,14,19,4,21] 
[2,3,6,7,9,15,11,14,19,4,21] 
[2,4,6,7,9,15,11,14,19,4,21] 
[2,3,5,8,9,15,11,14,19,4,21] 


NAWCWD TP 8592 


(-s l )*S2 *S6*(-S5)*S4*(-S3)*S2 *Cp*£) 
(-S) )*So*So*(-S5)*Sq*C3*£2*(-S2)#S | *£; 
(-S| )*So*So*(-S5)*S4xC3#£2*C2*Cj*E) | 


ti2 + | (-S) )*So*S6*(-S5)#(-S4)*C3*C24S | #E) 


(-s; )*S2*S6*(-S5)*(-S4)*C3*S2*C]*E) 
(-S|)*S2*S6*(-S5)*(-S4)*S3*E2*(-S2)#S | +€ | 
(-S| )*S2*So*(-S5)#(-S4)*S3*E2*C2*C) +E 
(-S) )*S2*Se*(-S5)*C4x(-S3)*C2*5 | *€) 

(-S| )*S2*S6*(-S5)*C4x(-S3)*S2*C]*€) 

(-S| )*S2*So*(-S5)#Cq*C3#£2*(-S2)#S | #€) 
(-S| )*S2*Sex(-S5)*C4xC3*E0%C2*Cj*E) | 


toy * [ (-S) )*So#Sg*C5*C4q*C3*C2*S | #€ 


(-S| )*So#S6*C5*C4*C3*S2*C] +E) 

(-S| )*S2*S6*C5*C4*S3*2*(-S)*S) #2) 
(-S| )*S2#S6#C5*Cq*S3*£7*C2*C] #€ | 
(-S) )*S2*S6*C5+S4*(-S3)*C2#S | #€ | 
(-S| )#S2*S6*C5+S4x(-S3)#S2*C] *£) 
(-s )#So4So*C5*S4*C3*E2*(-S>)#S | a ol 
(-S) )*So*Sg#C5*S4q*C3*E2"C2#C] +E | 


tr2 * | (-S) )*So#Sg*C5*(-S4)*C3*C2#S | #€ | 


(-S| )*S2#S6*C5*(-S4)#C3* S2*Cy +E 

(-s | So #*S6*C5*(-S4)*S3*f2*(-S2)«S| *£ | 
(-S) )*S2*S6*C5*(-S4)*S3*E0*C2*C] #E 
(-S; )*So*S6eC5*Cq*(-S3)*C2*S hc 

(-s) )*S2*So*C5*Cq+(-S3)*S> #Cj*£) 

(-S) )#S2#Sg*C5*Cq*C3*€2*(-S2)#S | +E) 
(-S) )*S2#S*Cs*Cq*C3*E24C2*Cpse) | 


try * [| (-S))*Co*E2«(-S6)*C5*C4*C3*Co4S | ¥€ | 


(-S) )*C2*£2*(-S6)*C5*C4q*C3*S2*C] +E 

(-S| )*Cz*£2*(-S6)*C5*Cq*S3#E9*(-S2)#S | +f 
(-S| )*C2#&2#(-S6)*C5#C4*S324C2*C] +E | 
(-S| )*C2*£2*(-So)*C5*S4*(-S3)*C2S | *f) 
(-S| )*C2*E2*(-S6)*C5*Sq*(-S3)*So*Cy +E | 
(-S| )*C2*€2*(-S6)*C5+S4+C3+E2*(-S2)#S | #€) 
(-S) )*C2*&7*(-S6)*C5*Sq*C3*Ep*C2*Cj +E) | 


tia * [ (-S) )*C2*E2*(-S6)*C5*(-S4)*C3*C2* S) Ee) 
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[2,4,5,8,9,15,11,14,19,4,21] 
[2,3,6,8,9,15,11,14,19,4,21] 
[2,4,6,8,9,15,11,14,19,4,21] 


[2,3,5,7,10,16,11,14,19,4,21] 
[2,4,5,7,10,16,11,14,19,4,21] 
[2,3,6,7,10,16,11,14,19,4,21] 
[2,4,6,7,10,16,11,14,19,4,21] 
[2,3,5,8,10,16,11,14,19,4,21] 
[2,4,5,8,10,16,11,14,19,4,21] 
[2,3,6,8,10,16,11,14,19,4,21] 
[2,4,6,8,10,16,11,14,19,4,21] 


[2,3,5,7,9,17,12,14,19,4,21] 
[2,4,5,7,9,17,12,14,19,4,21] 
[2,3,6,7,9,17,12,14,19,4,21] 
[2,4,6,7,9,17,12,14,19,4,21] 
[2,3,5,8,9,17,12,14,19,4,21] 
[2,4,5,8,9,17,12,14,19,4,21] 
[2,3,6,8,9,17,12,14,19,4,21] 
[2,4,6,8,9,17,12,14,19,4,21] 


[2,3,5,7,10,18,12,14,19,4,21] 
[2,4,5,7,10,18,12,14,19,4,21] 
[2,3,6,7,10,18,12,14,19,4,21] 
[2,4,6,7,10,18,12,14,19,4,21] 
[2,3,5,8,10,18,12,14,19,4,21] 
[2,4,5,8,10,18,12,14,19,4,21] 
[2,3,6,8,10,18,12,14,19,4,21] 


[2,4,6,8,10,18,12,14,19,4,21] ff 


[2,3,5,7,9,15,11,13,20,4,21] 
[2,4,5,7,9,15,11,13,20,4,21] 
[2,3,6,7,9,15,11,13,20,4,21] 
[2,4,6,7,9,15,11,13,20,4,21] 
[2,3,5,8,9,15,11,13,20,4,21] 
(2,4,5,8,9,15,11,13,20,4,21] 
[2,3,6,8,9,15,11,13,20,4,21] 
[2,4,6,8,9,15,11,13,20,4,21] 


[2,3,5,7,10,16,11,13,20,4,21] 
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(-S| )*C2*E2*(-S6)*C5#(-S4)#C3#S2*C) +E) 

(-S )¥C2*Ep*(-S6)*C5#(-S4)*S3¥E2*(-S2)#S | #€ | 
(-S )¥C2*E2*(-S¢)#C5#(-S4)#S3#E2*C2#C] ¥€ | 
(-S| )*Cz*€2*(-Se)*C5*Cq*(-S3 )*C2+5 | +E | 

(-S) )*C2*E2*(-S¢)*C5+*C4x(-S3 )#S2*C] *E | 

(-S| )*C2*E2*(-S¢)*C5#C4xC3*£*(-S2)#S | +E 
(-S| )*Cz*&2*(-S6)#C5*Cq*C3*224"C2*Ci +E) | 


to) * [ (-S) )*Co*E2*(-S6)*S5*Cq*C3*Co4S | #f| 


(-S) *C2*€9*(-Sg)*S5*Cq*C3#S2*C] +E) 

(-S) )*C2*£2*(-S6)*S5*C4*S34E2*(-S2)#Sj «| 
(-S| )wC2+£2*(-So)*S5*C4qxS3*82*C2*C] +E | 
(-S| )*Cz*&2*(-S6)*S5*S4(-S3)*Cz*5 | #€| 
(-S) )*C2*£2*(-So)+S5+S4+(-S3)*S2*C] +E 
(-S| )#Cz*22*(-So)*S5*Sq*C3*E04(-S2)#S | +E) 
(-S| )#Cz*€#(-S6)*S5*Sq*C3*E2*Cz*C] +E) | 


to2 « [ (-S) )*C2*Eo*(-S¢)*S5*(-S4)*C3*C2*S | +) 


(-S) )*C2*E2*(-S6)*S5*(-S4)*C3*S2*C] +e) 

(-S) )*C2*E2*(-S6)#Ss#(-S4)*S3*E2*(-S2)S) *€| 
(-S) )*C2*&2*(-So)«*S5*(-S4)*S3*E2*C2*C] #€ | 
(-S; )*C24£> «(-S6)*S5*Cq*(-S3)*C2*S j*E| 

(-S) )*C2*&2*(-S6)*S5*C4*(-S3)*S2*Cy +) 

(-S| )#Ca*&0*(-S6)*S5*C4xC3*E0*(-S2)*S) +€) 
(-S| )*C2*&2*(-S6)*Ss#CqxC3*£2*C2¥Cj*E) | 


t+ [ (-S) )*Cz*£>« Co*(-S5)*C4xC3*C2¥5 | ¥€ 


(-S| )*C2*£2*Cg*(-S5)*C4xC3*S2*C] ¥€ | 

(-S| )*C2*E2*C6x(-S5)*C4xS34E2*(-S2)#S | +E 
(-S| )*C2*&2*Cg*(-S5)*Cq*S3*E2*C2*C] *€) 
(-S| *C2*£2*C6*(-S5)#S4+(-S3)*C2*S | #£; 
(-S) )*C2*&2*Co#(-S5)+S4*(-S3 )#S2*C1 #€ | 
(-S| «C2*€2*CG*(-S5)*S4*C3E2*(-S2)#S | #E) 
(-S| )aC2*&2*Cox(-S5)*S4qxC3*E2*C2*Cy xe) | 


ti2 * [ (-S) )*C2*#E2*Cg«(-Ss)#(-S4)*C3*C2*5 | #2 


(-S| )wC2#&2*C6*(-S5)*(-S4)*C3*S2*C] *E) 

(-S| )*C2*E2*C6*(-S5)*(-S4)#S3¥E2*(-S2)#S | #E | 
(-S| )*C2*E2*C6*(-Ss)#(-S4)#S34#22*C2*C1 +E | 
(-S| )*C2*E2*Cg*(-S5)*C4x(-S3)*C2#S | +E | 

(-S) )*C2*E2*C6*(-S5)*C4*(-S3 )#S2*C] +E 
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[2,4,5,7,10,16,11,13,20,4,21] 
[2,3,6,7,10,16,11,13,20,4,21] 
[2,4,6,7,10,16,11,13,20,4,21] 
[2,3,5,8,10,16,11,13,20,4,21] 
[2,4,5,8,10,16,11,13,20,4,21] 
[2,3,6,8,10,16,11,13,20,4,21] 
[2,4,6,8,10,16,11,13,20,4,21] 


[2,3,5,7,9,17,12,13,20,4,21] 
[2,4,5,7,9,17,12,13,20,4,21] 
[2,3,6,7,9,17,12,13,20,4,21] 
[2,4,6,7,9,17,12,13,20,4,21] 
[2,3,5,8,9,17,12,13,20,4,21] 
[2,4,5,8,9,17,12,13,20,4,21] 
[2,3,6,8,9,17,12,13,20,4,21] 
[2,4,6,8,9,17,12,13,20,4,21] 


[2,3,5,7,10,18,12,13,20,4,21] 
[2,4,5,7,10,18,12,13,20,4,21] 
[2,3,6,7,10,18,12,13,20,4,21] 
[2,4,6,7,10,18,12,13,20,4,21] 
[2,3,5,8,10,18,12,13,20,4,21] 
[2,4,5,8,10,18,12,13,20,4,21] 
[2,3,6,8,10,18,12,13,20,4,21] 
[2,4,6,8,10,18,12,13,20,4,21] _ 


[2,3,5,7,9,15,11,14,20,4,21] 
[2,4,5,7,9,15,11,14,20,4,21] 
[2,3,6,7,9,15,11,14,20,4,21] 
[2,4,6,7,9,15,11,14,20,4,21] 
[2,3,5,8,9,15,11,14,20,4,21] 
[2,4,5,8,9,15,11,14,20,4,21] 
[2,3,6,8,9,15,11,14,20,4,21] 
[2,4,6,8,9,15,11,14,20,4,21] 


[2,3,5,7,10,16,11,14,20,4,21] 
[2,4,5,7,10,16,11,14,20,4,21] 
[2,3,6,7,10,16,11,14,20,4,21] 
[2,4,6,7,10,16,11,14,20,4,21] 
[2,3,5,8,10,16,11,14,20,4,21] 
[2,4,5,8,10,16,11,14,20,4,21] 
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(-S| )*C2*&2*Co*(-S5)#Cq*C3#£2#(-S2)#S | #8) 
(-S| )*Cz*&2*Cox(-S5)*C4*C3#£9*C2*Cj +E) | 


tay * [(-S) )#CaE2*Co*C5*Cq#C3*Cz4S | #€ | 


(-S | )eCz*E2*Co*C5*CqeC3#S7*C] *€) 

(-S| )*C2#22*CoaC5*CqxS34£2*(-S2)*S | *E) 
(-S| )*C2*E*CG*C5*Cq4S3422*C2*C] *€| 
(-S) )*C2#£2*Co*C5*Sq*(-S3)*C2*S | #E| 
(-s) )aCa#£> *C6*C5*S4e(-S3)*S2 Cp *£) 
(-S| )*C2#£9*C6*C5*S4*C34E2#(-So)*S) ¥E) 
(-S| )aC2*Eo%Co*C5*Sq*C34£2*C24Cj +e) | 


tr2 * [ (-S) )*Co*E2*C6*C5*(-S4)*C3*C2*S | aE) 


(-S) )*C2*E2*C6*C5*(-S4)*C3#S24C] +E) 

(-S) )#Cz*£2*C6*C5*(-S4)*S3 42 2*(-S2)#S | + 
(-S | )*C2*E2«CG*C5*(-S4)#S3#E2*C2*C1 +E 
(-S) )*C2*&2*Co*C5*C4e(-S3)*C2*S | *E) 

(-8) )«C2#22*CgeCs+Cqe(-S3)+S2#C14€ 

(-S| )*C2*2*C6*C5*Cq*C3*€2*(-So)#S | *€) 


[2,3,6,8,10,16,11,14,20,4,21] 
[2,4,6,8,10,16,11,14,20,4,21] 


[2,3,5,7,9,17,12,14,20,4,21] 
(2,4,5,7,9,17,12,14,20,4,21] 
[2,3,6,7,9,17,12,14,20,4,21] 
(2,4,6,7,9,17,12,14,20,4,21] 
[2,3,5,8,9,17,12,14,20,4,21] 
[2,4,5,8,9,17,12,14,20,4,21] 
[2,3,6,8,9,17,12,14,20,4,21] 
[2,4,6,8,9,17,12,14,20,4,21] 


[2,3,5,7,10,18,12,14,20,4,21] 
[2,4,5,7,10,18,12,14,20,4,21] 
[2,3,6,7,10,18,12,14,20,4,21] 
[2,4,6,7,10,18,12,14,20,4,21] 
[2,3,5,8,10,18,12,14,20,4,21] 
[2,4,5,8,10,18,12,14,20,4,21] 
[2,3,6,8,10,18,12,14,20,4,21] 


(=| eCa*En*CoeCseC4eCz+£2#C*C4£; | (2,4,6,8,10,18,12,14,20,4,21] |i 


Arrays of coefficients and phase indices for 7». 


72; = 5 {€18; [22] Pi7i, + €1¢) [22] P1721} 


+ | tip*[ ©) #5) *C2*Cg*C5*C4*C3*C2*C] RERw SARE BERR ers 


E | #S | #C2*CG*C5*C4*C3#S2*(-S/) 

Ey eS) *#Co*CoeC5*C4*S3 48> *(-S>)*C] 

©) #S | #C2*C6*C5*C4*S3*E*C2*(-S)) 
Ej #S | *C2*Cg*C5*S4*(-S3)*C2*C} 

©) #S | *C2*C6*C5+S4+(-S3)*S2*(-S) ) 

©) *S) *#Co*Co*C5*S4*C3 #£>*(-S2)*C] 

Ey *S) *Co#CgeC5*SqeCq%& *C7*(-S) ) | 


tia * [ &) +S) *C2*Co*C5+(-S4)*C3*C2*C| 


©) #S | #C2*C6*C5*(-S4)*C3*S2*(-S) ) 

Ej #S | *C2*C6*C5*(-S4)*S3+E2*(-S2)*C] 
© | #S | #C2*CG*C5*(-S4)*S3*E2*C2+(-S) ) 
Ej *Sj *C2*C6*C5*Cq*(-S3)*C2*C] 

€)#S] *C2*C6*C5*Cq*(-S3)*S2 +(-S i) 


A-46 


[1,4,5,7,9,15,11,13,19,3,22] 
[1,3,6,7,9,15,11,13,19,3,22] 
[1,4,6,7,9,15,11,13,19,3,22] 
[1,3,5,8,9,15,11,13,19,3,22] 
[1,4,5,8,9,15,11,13,19,3,22] 
[1,3,6,8,9,15,11,13,19,3,22] 
[1,4,6,8,9,15,11,13,19,3,22] 


[1,3,5,7,10,16,11,13,19,3,22] 
[1,4,5,7,10,16,11,13,19,3,22] 
[1,3,6,7,10,16,11,13,19,3,22] 
[1,4,6,7,10,16,11,13,19,3,22] 
[1,3,5,8,10,16,11,13,19,3,22] 
[1,4,5,8,10,16,11,13,19,3,22] 
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© #S | #C2*C 6 *C5*Cq*C3*£*(-S2)+C] 
Ej #S | #CQ*Cg*C5*C4*C3*f0*C2*(-S)) | 


toy * [ &) *S|*C2*Ce*S5*Cq*C3*C2*C] 


Ej #S | #C2*C6*S5*C4*C3*S2*(-S) ) 

EB) #S | #C2*C6*S5*Cq*S34£2*(-S2)*C] 
E| #5 | #C2*C6*S5+*C4+S34£2*C2*(-S)) 
Ej #S | *C2*Cg*S5*S4x(-S3)*C2*C} 

E) S| #C2*Cg*S5*S4*(-S3)*So#(-S)) 

E | #S | #C2*CG*S5*S4*C3*£2*(-S2)*C] 
Ej #S | #CQ*C6*S5*S4*C34E04C2*(-S;) | 


tro * [ €) *S)*C2*C5*S5*(-S4)*C3*C2*C] 


©) #S | #C2*Cg*S5*(-S4)*C3*52*(-S)) 

E | #S | #C2*C6*S5*(-S4)*S3*E2*(-S2)*C] 
| #S | #C2*C6*S5*(-S4)*S3*E2*C2*(-S) ) 
E) #S) *CQ*C6*S5*C4*(-S3)*C2*C] 

E | #S | #C2*C6*S5*Cq*(-S3)*S2*(-S/) 

| #S | #C2*Cg*S5*Cq*C3*£2*(-S2)*C] 

E | #S | #C2*CG*S5*Cq*C3*£2*C2*(-S)) | 


thy * [ ©) #5) *Cz*S6*(-S5)*C4xC3C2*C| 


#5 | *C2*S6*(-S5)*C4*C3*S2*(-S)) 

E | #S | #C2*S6*(-S5)*Cq#S3*22*(-S2)*C] 
€| ¥S | #C2*Sg#(-S5)*C4xS3*E2*C2*(-S) ) 

E | #S | #C2*S6*(-S5)*S4*(-S3)*C2*C] 

© | #S | *C2*S6*(-S5)*S4x(-S3)*S2*(-S)) 

€ | #S | *C2*S6*(-S5)*S4*C3*E2*(-S2)#C] 
©) #S | #C2*S6*(-S5)*S4*C34E2*C2*(-S;) | 


tia * [£)*S)*C2*So«(-S5)*(-S4)*C3*C2*C] 


1 #S | *C2*S6*(-Ss5)*(-S4)*C3*S2*(-S)) 

©) #S | *C2*S6*(-S5)#(-S4)#*S3*E2*(-S2)#C] 
| #S | #C2*S6*(-S5)*(-S4)*S34E2*C2*(-S/) 
©) #S | *C2*S6*(-S5)*C4x(-S3)*C2*C 

€) #5 | *C2*S6*(-S5)*Cq(-S3)#S2*(-S)) 

E) #S | #C2*S6*(-S5)*Cq*C3*E2*(-S2)*Cy 

E) #*S | *C2*S6*(-S5)*Cq*C3*£2*C2*(-5;) | 


toy * [ &)#S) #C2*Sp*C5*CqeC3*C2*C] 


E | #S | #C7#SG*C5*C44C34S2*(-S)) 


A-47 


[1,3,6,8,10,16,11,13,19,3,22] 
[1,4,6,8,10,16,11,13,19,3,22] 


[1,3,5,7,9,17,12,13,19,3,22] 
[1,4,5,7,9,17,12,13,19,3,22] 
[1,3,6,7,9,17,12,13,19,3,22] 
[1,4,6,7,9,17,12,13,19,3,22] 
[1,3,5,8,9,17,12,13,19,3,22] 
[1,4,5,8,9,17,12,13,19,3,22] 
[1,3,6,8,9,17,12,13,19,3,22] 
[1,4,6,8,9,17,12,13,19,3,22] 


[1,3,5,7,10,18,12,13,19,3,22] 
[1,4,5,7,10,18,12,13,19,3,22] 
[1,3,6,7,10,18,12,13,19,3,22] 
[1,4,6,7,10,18,12,13,19,3,22] 
[1,3,5,8,10,18,12,13,19,3,22] 
[1,4,5,8,10,18,12,13,19,3,22] 
[1,3,6,8,10,18,12,13,19,3,22] 
[1,4,6,8,10,18,12,13,19,3,22] _ 


[1,3,5,7,9,15,11,14,19,3,22] 
[1,4,5,7,9,15,11,14,19,3,22] 
[1,3,6,7,9,15,11,14,19,3,22] 
[1,4,6,7,9,15,11,14,19,3,22] 
[1,3,5,8,9,15,11,14,19,3,22] 
[1,4,5,8,9,15,11,14,19,3,22] 
[1,3,6,8,9,15,11,14,19,3,22] 
[1,4,6,8,9,15,11,14,19,3,22] 


[1,3,5,7,10,16,11,14,19,3,22] 
[1,4,5,7,10,16,11,14,19,3,22] 
[1,3,6,7,10,16,11,14,19,3,22] 
[1,4,6,7,10,16,11,14,19,3,22] 
[1,3,5,8,10,16,11,14,19,3,22] 
[1,4,5,8,10,16,11,14,19,3,22] 
[1,3,6,8,10,16,11,14,19,3,22] 
[1,4,6,8,10,16,11,14,19,3,22] 


[Leeds ls Pak hg hdy dtd, aye) 
[1,4,5,7,9,17,12,14,19,3,22] 
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E | *S | *C2*S6*C5*C4*S3*£0*(-So)*C] 

©) *S | *C2*S6*C5*C4*S3*£2*C2*(-S) ) 

€ | #S | #C2*S6*C5+S4+(-S3)*C2*C; 

E | *S | #C2*S6*C5*S4*(-S3)*S2*(-S)) 
©) #S | *#C2*S6*C5*S4*C3¥£24(-S>)*C] 

©] #S | *C2*S6*C54*S4*C3*£2*C2*(-S)) | 


toz * [£) #5) *C2*S6*C5*(-S4)*C3*C2*C} 
E) #S | #C2*S6#C5*(-S4)*C3*S2*(-S)) 
E| S| *C2*S6*C5*(-S4)*S3*£2*(-S2)*C] 
Ej #S | #C2*S6*C5*(-S4)*S3*E2*C2*(-S)) 
E | #S | #C2*S6*C5*C4*(-S3)*C2*C] 
©) *S | *C2*S6*C5*C4x(-S3)*S*(-S)) 
E | *S | #C2*S6*C5*C4*C34£2*(-S2)*C] 
E) #S | #C2*S6*C5*C4xC3*£o*C7*(-S)) | 


tip * | &)*S) *(-S2)*E2*(-So)*C5*Cq*C3%C2*C| 

©) #8) #(-S2)*Eo#(-S6)*C5*C4*C3*S2(-S)) 

€ #8 | *(-S2)*€2*(-S6)*C5*Cq*S3*£2*(-S2)*C] 

E| #5 | #(-S2)*En*(-S6)*C5*Cq#S3*£2*C*(-S)) 

& | #S | #(-S2)*E>*(-S6)*C5*S4*(-S3)*C2*C] 

€| #5) *(-S2)*E2*(-S6)*C5*S4*(-S3)*So*(-S) ) 

©) #S | #(-S2)¥E#(-So)*C5*S4xC3*£2*(-S2)*C} 

©) #S | #(-S2)*E2*(-S6)*C5*S4xC3*E2*C2*(-S)) | 


ti2 * [ Ej *S)*(-S2)*Eo*(-So)*C5*(-S4)*C3*C2*C] 
E) #S | #(-Sp)*£o#(-S6)*C5#(-S4)*C3*S2*(-S)) 
| *S ) *(-S2)*Eo*(-S6)*C5*(-S4)*S3*E24(-S2)#C] 
E) #S | #(-S2)*E2*(-S6)*C5*(-S4)*S3*£2*C2*(-S) ) 
E | #5) #(-S2)*£2*(-S6)*C5*C4*(-S3)*C2*C] 
©) #S | #(-S2)*E*(-S6)*C5*C4*(-S3)*S2#(-S)) 
| *S | #(-S2)*E2*(-So)*C5*C4*C3*E2*(-S2)*Cy 
©) #5) #(-S2)*E2*(-S6)*C5*C4*C3*£2*C2*(-S)) | 


toy * [ ©) «Sj *(-S2)*&2*(-So)*S5*Cq*C3*C2*C] 
©) *S | *(-S2)*E2*(-S6)*S5*C4*C3*S*(-S/) 
1 #S | #(-S2)*Eo«(-S6)*S5*C4q*S3*E2*(-S2)*C] 
€) #S | #(-S2)*Er*(-So)#S5*C4+S3*E2*Cz*(-S)) 
| #S | #(-S>)*E2*(-S6)*S5*Sq*(-S3)*C2*C] 
€| #5 | #(-S2)*E2*(-S6)*S5*S4*(-S3)*S2*(-S)) 
| #S | #(-So)*E2*(-S6)#S5*S4gxC3*E2*(-S2)*C] 


A-48 


[1,3,6,7,9,17,12,14,19,3,22] 
[1,4,6,7,9,17,12,14,19,3,22] 
[1,3,5,8,9,17,12,14,19,3,22] 
[1,4,5,8,9,17,12,14,19,3,22] 
[1,3,6,8,9,17,12,14,19,3,22] 
[1,4,6,8,9,17,12,14,19,3,22] 


[1,3,5,7,10,18,12,14,19,3,22] 
[1,4,5,7,10,18,12,14,19,3,22] 
[1,3,6,7,10,18,12,14,19,3,22] 
[1,4,6,7,10,18,12,14,19,3,22] 
[1,3,5,8,10,18,12,14,19,3,22] 
[1,4,5,8,10,18,12,14,19,3,22] 
[1,3,6,8,10,18,12,14,19,3,22] 


[1,4,6,8,10,18,12,14,19,3,22] | ff 


[1,3,5,7,9,15,11,13,20,3,22] 
[1,4,5,7,9,15,11,13,20,3,22] 
[1,3,6,7,9,15,11,13,20,3,22] 
[1,4,6,7,9,15,11,13,20,3,22] 
[1,3,5,8,9,15,11,13,20,3,22] 
[1,4,5,8,9,15,11,13,20,3,22] 
[1,3,6,8,9,15,11,13,20,3,22] 
[1,4,6,8,9,15,11,13,20,3,22] 


[1,3,5,7,10,16,11,13,20,3,22] 
[1,4,5,7,10,16,11,13,20,3,22] 
[1,3,6,7,10,16,11,13,20,3,22] 
[1,4,6,7,10,16,11,13,20,3,22] 
[1,3,5,8,10,16,11,13,20,3,22] 
[1,4,5,8,10,16,11,13,20,3,22] 
[1,3,6,8,10,16,11,13,20,3,22] 
[1,4,6,8,10,16,11,13,20,3,22] 


[1,3,5,7,9,17,12,13,20,3,22] 
[1,4,5,7,9,17,12,13,20,3,22] 
[1,3,6,7,9,17,12,13,20,3,22] 
[1,4,6,7,9,17,12,13,20,3,22] 
[1,3,5,8,9,17,12,13,20,3,22] 
[1,4,5,8,9,17,12,13,20,3,22] 
[1,3,6,8,9,17,12,13,20,3,22] 
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€) «S| +(-S>)*£> #(-S6)*S5*S4*C3 *E9 *Co*(-S ] ) | 


too * [ €)*S)*(-S2)*E2#(-S6)*S5#(-S4)*C3*C2*C] 
|S) *(-S2)*£o#(-S5)#S5*(-S4)*C3*S2*(-S)) 
£1 #S) *(-S2)*&2*(-So6)*S5*(-S4)*S3*E2*(-S2)*C] 
©) #S | #(-S2)*€2*(-S6)#S5+(-S4)*S3*22*C2*(-S)) 
€) #5 | «(-S2)*E2«(-S5)*S5#C4*(-S3)*C2*C] 
| #8) #(-S2)#&2*(-S6)*S5*C4e(-S3)*S2*(-S)) 
©) #5 «(-S2)#E2*(-S6)*S5*Cq*C3*£0*(-S2)#C] 
E) #S | #(-S2)*Eo*(-S6)*S5*Cq*C3*20*C2*(-S)) | 


ty) * [ ©) +S) *(-S2)*E2*Co*(-S5)*Cq*C3*C2*C} 

| #S | #(-S2)*E2*C6*(-S5)*C4*C3*S2*(-S) ) 

©) #5) #(-S2 )*E*Co#(-S5)*C4+S3*E0*(-So)*C] 
©) #S) #(-Sp)*£o*C6(-S5)*C4*S34E2*C2*(-S)) 
Ej #S)*(-S2)*Eo*Ce*(-S5)*S4*(-S3)*C2*C] 

©) #8 | #(-S2)*E2*Co*(-S5)*S4(-S3)*S2*(-S)) 

©) #5) #(-S2)*E2*Co*(-S5)*S4xC3*E0*(-S2)*C] 

E | #S | #(-S2)#Eo*Cox(-S5)*Sq*C3*E2*C2*(-S;) | 


tia * [ &)*S)*(-S2)*E2*Cg*(-S5)*(-S4)*C3*C2*C] 
© | #S | *(-S2)*E2*C5*(-S5)*(-S4)*C3*S2*(-S)) 
€) #8) #(-S2)*E2*Co*(-S5)#(-S4)*S3*E2*(-S2)*C 
£) #8 | *(-S2)*E2*Co#(-S5)*(-S4)*S3*E2*C2*(-S)) 
€ | S| #(-S2)*Er*Cox(-S5)*Cq*(-S3)*C2*C] 
© #S | *(-S2)*E2*C6*(-S5)*Cq*(-S3)*S2*(-S)) 
© #5) #(-S2)*E2*Cgx(-S5)*Cq*C34E2*(-S2)#C] 
€ | #S | #(-S2 )#E2*Co#(-S5)*C4#C3*£2*Co*(-S}) | 


toy * [ ©) *Sj*(-S2)*E2*C6*C5*Cq*C3*C2*C] 

| #S) #(-S2 )¥Eo*Cp*C5*Cq*C3*S2*(-S) ) 

Ej #Sj #(-S2)*Eo*Co*C5*C4S34E0*(-S2)*C] 
E | #S | #(-S )*E*Co*C5*Cq#S3*F2*C2*(-S)) 
| S| #(-S2)*E9*Co*C5*S4*(-S3)*C2*C] 

£1 #5) #(-S2)*E2*CG*C5*S4*(-S3)*S2*(-S)) 

E) #5) #(-Sp)*Eo*C Ge C5*S4eC3*£04(-S2)C] 
| S| #(-S2) En *C64C5*S4eC34E2*C2*(-S;) | 


to * [ &) #5) *(-S2)*Eo*Co*C5*(-S4)*C3*C2*C] 


£1 #S 1 #(-S2)*£o*C6*C5*(-S4)*C3*S2*(-S)) 
£) #5) #(-S2)*Eo*Co*C5*(-S4)*S3*E0*(-S2)*C] 


A-49 


[1,4,6,8,9,17,12,13,20,3,22] 


[1,3,5,7,10,18,12,13,20,3,22] 
[1,4,5,7,10,18,12,13,20,3,22] 
[1,3,6,7,10,18,12,13,20,3,22] 
[1,4,6,7,10,18,12,13,20,3,22] 
[1,3,5,8,10,18,12,13,20,3,22] 
[1,4,5,8,10,18,12,13,20,3,22] 
[1,3,6,8,10,18,12,13,20,3,22] 
[1,4,6,8,10,18,12,13,20,3,22] _ 


[1,3,5,7,9,15,11,14,20,3,22] 
[1,4,5,7,9,15,11,14,20,3,22] 
[1,3,6,7,9,15,11,14,20,3,22] 
[1,4,6,7,9,15,11,14,20,3,22] 
[1,3,5,8,9,15,11,14,20,3,22] 
[1,4,5,8,9,15,11,14,20,3,22] 
[1,3,6,8,9,15,11,14,20,3,22] 
[1,4,6,8,9,15,11,14,20,3,22] 


[1,3,5,7,10,16,11,14,20,3,22] 
[1,4,5,7,10,16,11,14,20,3,22] 
[1,3,6,7,10,16,11,14,20,3,22] 
[1,4,6,7,10,16,11,14,20,3,22] 
[1,3,5,8,10,16,11,14,20,3,22] 
[1,4,5,8,10,16,11,14,20,3,22] 
[1,3,6,8,10,16,11,14,20,3,22] 
[1,4,6,8,10,16,11,14,20,3,22] 


[1,3,5,7,9,17,12,14,20,3,22] 
[1,4,5,7,9,17,12,14,20,3,22] 
[1,3,6,7,9,17,12,14,20,3,22] 
[1,4,6,7,9,17,12,14,20,3,22] 
1,3,5,8,9,17,12,14,20,3,22] 
[1,4,5,8,9,17,12,14,20,3,22] 
[1,3,6,8,9,17,12,14,20,3,22] 
[1,4,6,8,9,17,12,14,20,3,22] 


[1,3,5,7,10,18,12,14,20,3,22] 
[1,4,5,7,10,18,12,14,20,3,22] 
[1,3,6,7,10,18,12,14,20,3,22] 
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E/ #8 |#(-S2)*E2*C5*C5#(-S4)*S3+E2*C2*(-S |) 


£) *S | #(-S2)*Eo*Cg*C5*Cq*(-S3)*C2*C] 
E| #5 | #(-S )¥E2*CG*C5*C4*(-S3)*S2*(-S)) 
€)*S| *(-S>)*£> *C6*C5*C4*C34b 9 #(-S>)*C] 


©) #5) *(-S2)*E*Co*C5*Cqg*C3*£2*C2*(-S)) | 


thy * [ ©) *Cy*So*Co*Cs*Cq*C3*C2*C] 


E | #C] #S2*CG*C5*C4#C3#52*(-S)) 

© #C 1 #S2#CG*C5*Cq#S34E2*(-S2)*Cy 
| #1 *S2*C6*C5*Cq*S34£7*C2*(-S/) 
Ej *C] *S2*C6*C5*Sq*(-S3)*C2*C] 

©) #C] *S2*Co*C5*S4*(-S3)*S2«(-S)) 
€)«C] #*S2*C6*C5*S4eC3*£4(-S>)«C] 

Ej #Cp *S2*C6*C5*S4eC3#£0*C2*(-S)) | 


tia * [ ©) *Cy*S2*Co*Cs*(-S4)*C3*C2*C} 


E | #C1#S2*Cg*C5*(-S4)*C3#S2*(-S)) 

€ | #C] #S2*C6*C5*(-S4)*S3*E2*(-S2)*C; 
Ej #1 ¥S2*Cg*C5*(-S4)*S3+£2*C2*(-S)) 
Ej #C *S2*Co*C5*Cq*(-S3)*C2*C] 

£)*#C] *S2*Cg*C5*Cq*(-S3)*S2*(-S | ) 

©) *Cy*So*CoeC5*Cg*C3*& «(-S2)*C] 

E) *C1*S2*Cg*C5*Cq*C34£2*C2*(-S;) | 


toy * [ &)*Cy*So*Co*Ss*C4*C3*C2*C] 


E | #C1#S2*Co*85*C4+C3#S *(-S)) 

€) #C 1 *S2*Co*S5*C4*S34£0*(-S2)*C] 

© yj *Cy*So*C6*S5*Cq*S34£> *C2*(-s, ) 
€)*C] *S2*C6*S5+S4*(-S3)*C2*C] 

© | Cj #S2*Cg*85*84*(-S3)*S2*(-S/) 

Ey *Cp*So*Co*85¥S4*C3*£ *(-S>)*Cy 

E | #C] #S2*Co#S5+Sq*C34E*C7*(-S\) | 


to * | ©) *Cj*S2*Ce*S5*(-S4)*C3*C2*C] 


©) *C1*S2*Cg*S5*(-S4)*C3*S2«(-S)) 

©) #1 *S2*C6#S5*(-S4)*S3*E2*(-S2)«C] 
Ey*C] *S2*C6*S5*(-S4)*S3*£2*C2«(-S | ) 
€ | #1 #S2*C6#S5*Cq*(-S3)*C2*C} 
£)*#C} *S2*C6*S5*C4*(-S3)*S2*(-S | ) 

©) ¥Cy*S2*Cg*S5*CqxC3*£0*(-S2)*Cy 

©) #Cy#S2*CoaS5*Cq*Cz*€*Cz*(-S)) | 


A-50 


[1,4,6,7,10,18,12,14,20,3,22] 
[1,3,5,8,10,18,12,14,20,3,22] 
[1,4,5,8,10,18,12,14,20,3,22] 
[1,3,6,8,10,18,12,14,20,3,22] 
[1,4,6,8,10,18,12,14,20,3,22] 


[1,3,5,7,9,15,11,13,19,4,22] 
[1,4,5,7,9,15,11,13,19,4,22] 
[1,3,6,7,9,15,11,13,19,4,22] 
[1,4,6,7,9,15,11,13,19,4,22] 
[1,3,5,8,9,15,11,13,19,4,22] 
[1,4,5,8,9,15,11,13,19,4,22] 
[1,3,6,8,9,15,11,13,19,4,22] 
[1,4,6,8,9,15,11,13,19,4,22] 


[1,3,5,7,10,16,11,13,19,4,22] 
[1,4,5,7,10,16,11,13,19,4,22] 
[1,3,6,7,10,16,11,13,19,4,22] 
[1,4,6,7,10,16,11,13,19,4,22] 
[1,3,5,8,10,16,11,13,19,4,22] 
[1,4,5,8,10,16,11,13,19,4,22] 
[1,3,6,8,10,16,11,13,19,4,22] 
[1,4,6,8,10,16,11,13,19,4,22] 


[1,3,5,7,9,17,12,13,19,4,22] 
[1,4,5,7,9,17,12,13,19,4,22] 
[1,3,6,7,9,17,12,13,19,4,22] 
[1,4,6,7,9,17,12,13,19,4,22] 
[1,3,5,8,9,17,12,13,19,4,22] 
[1,4,5,8,9,17,12,13,19,4,22] 
[1,3,6,8,9,17,12,13,19,4,22] 
[1,4,6,8,9,17,12,13,19,4,22] 


[1,3,5,7,10,18,12,13,19,4,22] 
[1,4,5,7,10,18,12,13,19,4,22] 
[1,3,6,7,10,18,12,13,19,4,22] 
[1,4,6,7,10,18,12,13,19,4,22] 
[1,3,5,8,10,18,12,13,19,4,22] 
[1,4,5,8,10,18,12,13,19,4,22] 
[1,3,6,8,10,18,12,13,19,4,22] 
[1,4,6,8,10,18,12,13,19,4,22] _ 


NAWCWD TP 8592 


tip * | &)*Cy*S2*S6«(-S5)*C4*C3*C2*C] 


€j *C1*S2*S6*(-S5)*C4*C3*S2*(-S/) 

©) *C1 #52 *S6*(-S5)*C4*S3*E*(-S2 «Cy 

E | #C1*S2*S6*(-S5)*C4*S3*E2*C2*(-S)) 

€ | #C1 #S2*S6*(-S5)*S4x(-S3)*C2*C} 

©) #C1 #S2*S6#(-S5)*S4x(-S3)*S*(-S |) 
©) *C]*S2*S6*(-S5)*Sq*C3*0*(-S)*C] 
©) *Cy*S2*So*(-S5)*S4*C3*E2*C2*(-S)) | 


tia * [ ©) *C1*S2*S6*(-S5)#(-S4)*C3*C2*C| 


E) #C1 *S2*S6*(-S5)#(-S4)*C3*S2*(-S |) 

€| #C] #S2*Sg*(-S5)#(-S4)*S3*E2*(-S2)*Cy 
| *C] *So*S6*(-Ss)#(-Sq)*S34+E2*C2*(-S) ) 
& | *C]*S2*So*(-S5)*C4*(-S3)*C2*C] 

E | #C] *S2*S6#(-S5)*C4*(-S3)*So*(-5 |) 

©) #C] *S2*S6*(-S5)*CqxC3*Eo*(-S>)#C] 
©) *C] *S2*S6*(-S5)*Cq*C3*E04C2*(-S |) | 


tay * [ ©) *Cp*S2*So*Cs*C4*C3*C2*C| 


©) *C] *S2*S6*C5*C4*C3z*S24(-S)) 

E | eC] #S2#S6*C5*C4xS34£2*(-S> )*C] 
Ej #Cy *S2*SG*C5*C4qeS3*£0*C2*(-S)) 

© | #1 #S2*S6*C5*S4*(-S3)*C2*C} 

€ | xC 1 #S2*S6#C5*S4*(-S3)#S2*(-S) 

E | #C] #S2*S6*C5*S4qeC34£2*(-S2)*Cy 
Ej #C] *S2*S6*C5*S4*C3*£2*C2*(-S)}) | 


tor * [ Ej *C]*S2*So*C5*(-S4)*C3*C2*Cy 


€) #1 #S2*SeaC5*(-S4)*C3*S2*(-S)) 

© | #C]#S2*S6#C5*(-S4)*S3*£2*(-S2)*C 
E | *C] *S2*S6*C5*(-S4)*S3*E2*C2*(-S)) 
©) *C 1 *S2*S6*C5*C4*(-S3)*C2*Cy 

©) C1 *S2*Sg*C5*C4+(-S3)*S2*(-S)) 

© | C1 #S2*S6#C5*C4*C3£2*(-S2 )*Cy 
E) #C] *S2*S6*C5*Cq*C3¥E2*C2*(-S)) | 


try * | ©) *Cy*Co*f2*(-So)*C5*Cq*C3*C2*C] 


E | #C1*C2*£)*(-So)#C5*C4#C3*S2*(-S)) 
© | #C] #C2*E9#(-S6)*C5#Cq*S3*€2*(-S2)*Cy 
| #C 1 ¥C2¥£9#(-S6)*C5*C4*S3*£0*C2*(-S) ) 


[1,3,5,7,9,15,11,14,19,4,22] 
[1,4,5,7,9,15,11,14,19,4,22] 
[1,3,6,7,9,15,11,14,19,4,22] 
[1,4,6,7,9,15,11,14,19,4,22] 
[1,3,5,8,9,15,11,14,19,4,22] 
[1,4,5,8,9,15,11,14,19,4,22] 
[1,3,6,8,9,15,11,14,19,4,22] 
[1,4,6,8,9,15,11,14,19,4,22] 


[1,3,5,7,10,16,11,14,19,4,22] 
[1,4,5,7,10,16,11,14,19,4,22] 
[1,3,6,7,10,16,11,14,19,4,22] 
[1,4,6,7,10,16,11,14,19,4,22] 
[1,3,5,8,10,16,11,14,19,4,22] 
[1,4,5,8,10,16,11,14,19,4,22] 
[1,3,6,8,10,16,11,14,19,4,22] 
[1,4,6,8,10,16,11,14,19,4,22] 


[1,3,5,7,9,17,12,14,19,4,22] 
[1,4,5,7,9,17,12,14,19,4,22] 
[1,3,6,7,9,17,12,14,19,4,22] 
[1,4,6,7,9,17,12,14,19,4,22] 
[1,3,5,8,9,17,12,14,19,4,22] 
[1,4,5,8,9,17,12,14,19,4,22] 
[1,3,6,8,9,17,12,14,19,4,22] 
[1,4,6,8,9,17,12,14,19,4,22] 


[1,3,5,7,10,18,12,14,19,4,22] 
[1,4,5,7,10,18,12,14,19,4,22] 
[1,3,6,7,10,18,12,14,19,4,22] 
[1,4,6,7,10,18,12,14,19,4,22] 
[1,3,5,8,10,18,12,14,19,4,22] 
[1,4,5,8,10,18,12,14,19,4,22] 
[1,3,6,8,10,18,12,14,19,4,22] 


[1,4,6,8,10,18,12,14,19,4,22] | ff 


[1,3,5,7,9,15,11,13,20,4,22] 
[1,4,5,7,9,15,11,13,20,4,22] 
[1,3,6,7,9,15,11,13,20,4,22] 
[1,4,6,7,9,15,11,13,20,4,22] 
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E) *Cj*C2*&> +(-S6)*C5*S4*(-S3)*C2*C] 

©) #Cj*Cp*&o +(-S6)*C5*S4*(-S3)*So*(-S | ) 

©) *Cj*C2*E #(-S6)*C5*Sq*C3*£2 #(-S>)*C] 

©) #1 *C2*Ep*(-S6)*C5*S4xC3*£2*C2*(-S;) | 


tia * [ ©) *C]*C2*&2#(-S6)*C5*(-S4)*C3*C2*C] 


Ey *Cy*Cp*£o *(-S6)*C5#(-S4)*C3*S2*(-S | ) 

| #C]*C2*f2*(-S6)*C5#(-S4)*S34#E2*(-S2)*Cy 
E|#C]*C2#22#(-S6)*C5#(-S4)#S3#22*C2*(~S)) 
E;*C] #C2#£0*(-S6)*C5*C4*(-S3)*C2*C} 

| #C 1 *C2*E2*(-S6)*C5*C4*(-S3)*S24(-S)) 

©) *Cj*Co*E&o #(-S¢)*C5*C4+C3 #&> #(-S>)*C] 

©) *C *C2*£p*(-S6)*C5*C4*C3*£p*C2*(-S)) | 


tay + [ ©) *Cy+C2*&2*(-Se)*S5*C4xC3C2*C] 


E | #C] *#C2#Ep*(-S6)*S5*Cq*C3*S2*(-S) ) 
E\*C] #C2*£*(-S6)*S5*C4*S3*£> #(-S>)*Cy 

©) #C 1 *C2#&2#(-S6)*S5*C4*S3*£2*C2*(-S)) 
€| #1 *C2*E7*(-S6)+Ss5#S4e(-S3)*C2*C| 
£)*C] #C2*&#(-S¢)*S5*S4*(-S3)*So*(-S ) 
E;*C] #*C2*£2*(-S¢)*S5*S4*C3*£2*(-S2)*C] 
€\*#C1*C2*E*(-S6)*S5*S4*C3*E2*C2*(-S)) | 


tr2 * [ £)*Cy*C2*£>*(-S5)*S5*(-S4)*C3*C2*C| 


©) *Cj*C2*& «(-S6)*S5*(-S4)*C3 *So*(-S)) 

E | #C] #Co*E9¥(-S6)*S5#(-S4)*S3*£2*(-S2)*C} 
© | #Cj*C2*E2*(-S6)*S5*(-S4)*S3*E2*C2*(-S)) 
© | *C] #C2*&2*(-S6)*S5*Cq*(-S3)*C2*C| 

E | #C] *C2*E7*(-S6)*S5#Cqe(-S3)#So*(-S)) 

©) *Cj*C2*& #(-S¢)*S5*C4*C3 *£>*(-S2)*C] 
E\*C] #C2*£9«(-S¢)*S5*C4*C3*£2*C2*(-S | ) ] 


tii+| E | *Cy *C2*£2*CG*(-S5)*C4*C3*C2*C] 


€ | #C1 *C2*E7*C6+(-S5)*C4*C3#52*(-S)) 

©) *Cy*C2*& *C6*(-S5)*C4*S3*£2*(-S2)*C] 

Ej *C1*C2*£2*CG*(-S5)*Cq*S3*£2*C2*(-S)) 

E | #C] #C2*£9*Coe(-S5)#S4e(-S3)*C2*C; 

&| #C1#C2*E)*Ce*(-S5)#S4x(-S3)#S2*(-S/) 

E | #C 1 *C2*£7*Co*(-S5)*SqxC3%E2*(-S2)*C] 

E) *C1*Co*&> #*C6*(-S5)#S4*C3 #09 *C2*(-S | ) | 


A-52 


[1,3,5,8,9,15,11,13,20,4,22] 
[1,4,5,8,9,15,11,13,20,4,22] 
[1,3,6,8,9,15,11,13,20,4,22] 
[1,4,6,8,9,15,11,13,20,4,22] 


[1,3,5,7,10,16,11,13,20,4,22] 
[1,4,5,7,10,16,11,13,20,4,22] 
[1,3,6,7,10,16,11,13,20,4,22] 
[1,4,6,7,10,16,11,13,20,4,22] 
[1,3,5,8,10,16,11,13,20,4,22] 
[1,4,5,8,10,16,11,13,20,4,22] 
[1,3,6,8,10,16,11,13,20,4,22] 
[1,4,6,8,10,16,11,13,20,4,22] 


[1,3,5,7,9,17,12,13,20,4,22] 
[1,4,5,7,9,17,12,13,20,4,22] 
[1,3,6,7,9,17,12,13,20,4,22] 
[1,4,6,7,9,17,12,13,20,4,22] 
[1,3,5,8,9,17,12,13,20,4,22] 
[1,4,5,8,9,17,12,13,20,4,22] 
[1,3,6,8,9,17,12,13,20,4,22] 
[1,4,6,8,9,17,12,13,20,4,22] 


[1,3,5,7,10,18,12,13,20,4,22] 
[1,4,5,7,10,18,12,13,20,4,22] 
[1,3,6,7,10,18,12,13,20,4,22] 
[1,4,6,7,10,18,12,13,20,4,22] 
[1,3,5,8,10,18,12,13,20,4,22] 
[1,4,5,8,10,18,12,13,20,4,22] 
[1,3,6,8,10,18,12,13,20,4,22] 
[1,4,6,8,10,18,12,13,20,4,22] _ 


[1,3,5,7,9,15,11,14,20,4,22] 
[1,4,5,7,9,15,11,14,20,4,22] 
[1,3,6,7,9,15,11,14,20,4,22] 
[1,4,6,7,9,15,11,14,20,4,22] 
[1,3,5,8,9,15,11,14,20,4,22] 
[1,4,5,8,9,15,11,14,20,4,22] 
[1,3,6,8,9,15,11,14,20,4,22] 
[1,4,6,8,9,15,11,14,20,4,22] 


NAWCWD TP 8592 


tro * [ ©) *Cy*C2*&2«Cg#(-S5)*(-Sq)*C3*C2*C| 


€) #1 #C2*E*C6*(-S5)*(-S4)*C3+S2*(-S)) 

© #Cy*#C2*E2*C6+(-S5)*(-S4)*S3 #2 2*(-S2)*Cy 
€ | *C] +C2*£2*CG*(-S5)#(-S4)#S3*E2*C2*(-S) 
©) *Cy*Co*£ *Cg*(-S5)*C4*(-S3)*C2*C; 

E\ #C*C2#£9*Co*(-S5)#C4x(~S3)*S2*(-S)) 

©) *Cy*C2*& #*C6*(-Ss)*C4*C3 #9 *(-S>)*C] 

©) #C 1 #C2*&p*Ce+(-S5)*CqxC3*£2*C2*(-S)) | 


toy + [fj Cy *C2*E2*CpeC5*C4xC3*C2*C] 


€ | #Cy #C2*£p*Cg*C5*C4*C3*S2*(-S/) 

©) *Cj*Co*& #C6*C5*C4*S34£2*(-S>)*C] 
©) *C 1 *C2*£9*CG*C5*C4*S34£2*C2*(-S) ) 

E 1 *C 1 *C2*£9*Cg*C5*S4*(-S3)*C2*C] 

Ej #C 1 *C2*E9*C6*C5*S4*(-S3)*S2*(-S)) 

© | #C] #2 #29 *C5*C5#S4xC3#£*(-S2)xCy 

E | #Cy #C2*E9*Cg*C5*Sq*C34E*C2*(-S)) | 


to2 * [ &) *Cy*C2*E2*Cg*C5*(-S4)*C3*C2*C] 


© | #Cy*C2*£9*CG*C5*(-S4)*C3*S2*(-S)) 

Ej *Cp*Co*&o *C6*C5(-S4)*S3*£2*(-S2)*Cy 
£1 #C 1 *C2*F> *C6*C5*(-S4)*S3*E> «C2*(-S i) 
E | #C] *C2*£9*CG*C5*C4x(-S3)*C2*Cy 

© | #C *C2*E9*CG*C5*Cq*(-S3)*S2*(-S)) 

© | #C #C2#£*CoaC5*C4*C34¥E2*(-S2)*Cy 


[1,3,5,7,10,16,11,14,20,4,22] 
[1,4,5,7,10,16,11,14,20,4,22] 
[1,3,6,7,10,16,11,14,20,4,22] 
[1,4,6,7,10,16,11,14,20,4,22] 
[1,3,5,8,10,16,11,14,20,4,22] 
[1,4,5,8,10,16,11,14,20,4,22] 
[1,3,6,8,10,16,11,14,20,4,22] 
[1,4,6,8,10,16,11,14,20,4,22] 


[1,3,5,7,9,17,12,14,20,4,22] 
[1,4,5,7,9,17,12,14,20,4,22] 
[1,3,6,7,9,17,12,14,20,4,22] 
[1,4,6,7,9,17,12,14,20,4,22] 
[1,3,5,8,9,17,12,14,20,4,22] 
[1,4,5,8,9,17,12,14,20,4,22] 
[1,3,6,8,9,17,12,14,20,4,22] 
[1,4,6,8,9,17,12,14,20,4,22] 


[1,3,5,7,10,18,12,14,20,4,22] 
[1,4,5,7,10,18,12,14,20,4,22] 
[1,3,6,7,10,18,12,14,20,4,22] 
[1,4,6,7,10,18,12,14,20,4,22] 
[1,3,5,8,10,18,12,14,20,4,22] 
[1,4,5,8,10,18,12,14,20,4,22] 
[1,3,6,8,10,18,12,14,20,4,22] 


Ey Cy*Co*Eo%CgeC5*Cgq*C 3&9 *C7+(-S l ) | [ l ,4,6,8, | 0, l 8, l 2, 14,20,4,22] sz 


Arrays of coefficients and phase indices for 727. 


Tx = 5 {€1S; [22] P1712 + €)¢) [22] Pi7,22} 


1 | tip | €19S19CoeCgeCsecqeCzeC p05) s€; [2,3,5,7,9,15,11,13,19,3,22) 


Ey *S) #Co*CeoeC5*Cg*C3*S 04] #0) 

© | #S | #C2*#CG#C5*C4*S34£2*(-S2)#S | ¥€) 
E) #S | #C2*C6*C5*C44S34E*C2*C] EO) 

| #S | #C2*Cg*C5#S44(-S3)*C2#S ) #f) 

€ | #5 #C2*Cp*C5*Sqe(-S3)*S2*C 148) 

©) #5) *Co*Co*C5*S4*Ca*£ *(-S>)«S )*£] 
Ej S| *C2*Cg*CsaSq*Cz*E2*C2*Cj +e) | 


A-53 


[2,4,5,7,9,15,11,13,19,3,22] 
[2,3,6,7,9,15,11,13,19,3,22] 
[2,4,6,7,9,15,11,13,19,3,22] 
[2,3,5,8,9,15,11,13,19,3,22] 
[2,4,5,8,9,15,11,13,19,3,22] 
[2,3,6,8,9,15,11,13,19,3,22] 
[2,4,6,8,9,15,11,13,19,3,22] 


NAWCWD TP 8592 


ti2 * [€)*S|*C2*Cp*C5*(-S4)*C3*C2* Sj *f| 


E) #S | *C2*CgC5*(-S4)*C3 #Sp*Cp +E) 

E | #S | #C2#Cg*C5*(-Sq)#S3#2*(-S2)#S | #€| 
€| #S | #C2*Ce#C5*(-S4)*S3#E2*C2*C #€ | 
Ej #S | *#C2*Ce*C5*Cq*(-S3)#C2#S | #) 

E | #S | #C2*Co*C5*C4x(-S3)¥So*C] +E | 

E | #S | *C2#CG*C5*C4*Cz*€p*(-S2)4S) 4€ 
E] 4S | #C2*CG*C5*C4Cz*€o*Cz*Cj se; | 


toy * [Ey *S) *C2*C6*S5*C4*C3*C2*S | #E) 


Ej *S) #C2*C6eS5*C4q*C3*So4*C] Eb) 

©) #S | #C2*C6*S5*C44S3¥2*(-S2)#S | #E) 
©) *S | *C2*Co*S5 #448346 *C2*C) +f) 

E | #S | #C2*CG*S5*S4*(-S3)*C2*S) #f| 

Ej *S | #C2*CG#S5+S4*(-S3)*So*Cy +€ 

Ej #S | *C2*CG#S5*S4*C3*£2*(-So)#S)#E 
Ej #S | *C2*Co*S5*Sq*C3*Fp4Cz*Cy +E) | 


taz * [ Ej *S | *C2*Co*S5*(-S4)*C3*C2#S | *E| 


E] #S | #C2*CG*S5*(-S4)*C3xS2¥C] +E 

| #S | #C2*Co#S5*(-S4)*S3*£24(-S2)#S)*E) 
©) #S | *C2*C6#S5*(-S4)*S3*E2*C2*C] #€ | 

E) #S | #C2*Co#S5*Cqx(-S3)*C2*S | +E | 

©) #S | #C2*C6¥S5*Cq*(-S3)*S2*Cy +E | 

€ | #S | #C2*C6*S5*C4*C3*&2*(-S2)*S | #E 

£j #S | *C2*CG4S5*Cq*C3*£0*C2*Cj*) | 


try * [ ©) *S)*C2*S6*(-S5)*C4*C3*C2*S | *E | 


E | #S | #C2*S6¥(-S5)*C4*C3*S24C] +E | 

E | #S | *C2*S6*(-S5)*Cq*S34£*(-S2)#S j#f | 
€ | #S | #C2*S6#(-S5)*C4*S34E7*C2*C] #€) 
| *S | *C2*S6*(-S5)*Sq(-S3)*C2*S | *E) 

| *S | *C2*S6*(-S5)*Sq*(-S3)*S2*C] *E) 

E | #S | *C2*S6*(-S5)*S4*C3*£04(-S2)*S | *E) 
E | ¥S | #C2*S6#(-S5)*SqeC3*Er4C2*Cy*E) | 


tia * [&)*S)*C2*S5x(-S5)*(-S4)*C3*C2*S | #€ | 


©) *S | *C2*S6*(-S5)#(-S4)*C3*S2#Cy*&) 

E | #S | #C2*S6*(-S5)#(-S4)*S3#E2*(-S2)#S | +E | 
E | #S | #C2*S6*(-S5)(-S4)*S3*E2*C2*C] +E | 
1 #S | #C2*S6#(-S5)*Cqx(-S3)*C2#S | #E 


A-54 


[2,3,5,7,10,16,11,13,19,3,22] 
([2,4,5,7,10,16,11,13,19,3,22] 
[2,3,6,7,10,16,11,13,19,3,22] 
[2,4,6,7,10,16,11,13,19,3,22] 
[2,3,5,8,10,16,11,13,19,3,22] 
[2,4,5,8,10,16,11,13,19,3,22] 
[2,3,6,8,10,16,11,13,19,3,22] 
[2,4,6,8,10,16,11,13,19,3,22] 


[2,3,5,7,9,17,12,13,19,3,22] 
[2,4,5,7,9,17,12,13,19,3,22] 
[2,3,6,7,9,17,12,13,19,3,22] 
[2,4,6,7,9,17,12,13,19,3,22] 
[2,3,5,8,9,17,12,13,19,3,22] 
[2,4,5,8,9,17,12,13,19,3,22] 
[2,3,6,8,9,17,12,13,19,3,22] 
[2,4,6,8,9,17,12,13,19,3,22] 


[2,3,5,7,10,18,12,13,19,3,22] 
[2,4,5,7,10,18,12,13,19,3,22] 
[2,3,6,7,10,18,12,13,19,3,22] 
[2,4,6,7,10,18,12,13,19,3,22] 
[2,3,5,8,10,18,12,13,19,3,22] 
[2,4,5,8,10,18,12,13,19,3,22] 
[2,3,6,8,10,18,12,13,19,3,22] 
[2,4,6,8,10,18,12,13,19,3,22] | 


[2,3,5,7,9,15,11,14,19,3,22] 
[2,4,5,7,9,15,11,14,19,3,22] 
[2,3,6,7,9,15,11,14,19,3,22] 
[2,4,6,7,9,15,11,14,19,3,22] 
[2,3,5,8,9,15,11,14,19,3,22] 
[2,4,5,8,9,15,11,14,19,3,22] 
[2,3,6,8,9,15,11,14,19,3,22] 
[2,4,6,8,9,15,11,14,19,3,22] 


[2,3,5,7,10,16,11,14,19,3,22] 
[2,4,5,7,10,16,11,14,19,3,22] 
[2,3,6,7,10,16,11,14,19,3,22] 
[2,4,6,7,10,16,11,14,19,3,22] 
[2,3,5,8,10,16,11,14,19,3,22] 


NAWCWD TP 8592 


& | #S | *C2*S6*(-Ss)*C4x(-S3)*S2*C] € | 
| #S | #C2*S6*(-S5)*Cq*C3*£2*(-So)#S | *f| 
E | #S | #C2*S6*(-S5)*CqeC 3422 4Cp*C] 4E | | 


tay * [€)*S)*C2*So*C5*C4xC3*C2*S | +E 


Ej S| #C2#S6*C5*Cq*C3 #57 *C] #E | 

| #S | #C2*S6*C5*Cq*S3*£2*(-S)aS | +E) 
Ej #S | #C2#S6#C54*C4*S3%E2*C24#C] Ef) 

E] #S | #C2*SoxC5¥S4x(-S3)*C2*S | #f) 

E | #S | *C2*S6*C5*S4*(-S3)*S2*C] +E) 

| #S | *C2*S6*C5*S4*C3*£>*(-S>)«S | #E | 
©) #S | #C2*S6*C5*S4*C3*f2*Cz*Cj | | 


too « [€) +S, *C2*S6*C5*(-S4)*C3*C2*S j*E| 


E | #S | #C2*S6*C5*(-S4)*C3* So¥C]*€| 

€ | #S | #C2*S6*C5*(-S4)#S3*E2*(-S2)#S | +f 
E | #S | #C2*S5*C5#(-S4)#S3*E2*C2*C] #€ | 
©) #5 | *C2*S6*C5*C4x(-S3)*C7*5 | +€ | 

€ | #S | #C2*S5*C5*Cq*(-S3)#S*C] ¥€ | 

©) *S | #C2*S6*C5*C4*C3*£0*(-S2)*S | #E) 

Ej #S | #C2*S5*C5*Cq*C34E*C2*Cp +E) | 


ti * [| &)*S)*(-S2)*&2«(-S6)*C5*C4q*C3*C2*5 | +E 


E) #5) #(-S2)*Ep#(-S6)*C5*CgxCz4So*C] *&) 

1 #S | #(-Sp)*Eo#(-S6)*C5*C4#S3*£2*(-S2)#S | *E | 
| «S) «(-S )*Eo*(-So)*C5*Cq¥S3*E2*C2*C] +E 

©) #S | *(-S2)*E2*(-S6)#C5*S4*(-S3)*C2*S | #E) 

©) *S | #(-S2)*E2#(-S¢)*C5*S4*(-S3 )*So*C] #€ 

1 #S) #(-S2)*E(-S6)*C5*SqxC3*E24(-S2)#S | #E) 
Ej; #8 #(-S2)*£> #(-S¢)*C5*S4*C3*£2*C2*C] *E) ] 


tia * [ &)*S)*(-S2)*E2*(-S6)*C5*(-S4)*C3*C2* S| *E| 


ES) #(-S2)*E2#(-S¢)*C5*(-S4)*C3*S2*C] *E | 


| *S) *(-S2)*£2«(-S6)*C5*(-S4)*S3*E2*(-S2)#S | *E| 


©) #5) #(-S2)*Eo*(-So)*C5*(-S4)*S3*E2*C2*C] +E) 
€) #5 #(-Sp)*£9(-So)*C5*C4*(-S3)*C2#5 | #€ | 
| #S) #(-S2)*Eo*(-S6)*C5*Cqe(-S3)#S2*C] *€ | 
| #S) #(-S2)*Eo#(-S6)*C5*CqeC34£o*(-S2)#S | #E 
| #S 1 *(-S2)*Ep*(-So)*C5*C4eC3*£2*Co*Cp +e) | 


to) * [€&)*S)*(-S2)*E2*(-S6)*S5*Cq*C3%C2+5 | #€ 


A-55 


[2,4,5,8,10,16,11,14,19,3,22] 
[2,3,6,8,10,16,11,14,19,3,22] 
[2,4,6,8,10,16,11,14,19,3,22] 


[2,3,5,7,9,17,12,14,19,3,22] 
[2,4,5,7,9,17,12,14,19,3,22] 
[2,3,6,7,9,17,12,14,19,3,22] 
[2,4,6,7,9,17,12,14,19,3,22] 
[2,3,5,8,9,17,12,14,19,3,22] 
[2,4,5,8,9,17,12,14,19,3,22] 
[2,3,6,8,9,17,12,14,19,3,22] 
[2,4,6,8,9,17,12,14,19,3,22] 


[2,3,5,7,10,18,12,14,19,3,22] 
[2,4,5,7,10,18,12,14,19,3,22] 
[2,3,6,7,10,18,12,14,19,3,22] 
[2,4,6,7,10,18,12,14,19,3,22] 
[2,3,5,8,10,18,12,14,19,3,22] 
[2,4,5,8,10,18,12,14,19,3,22] 
[2,3,6,8,10,18,12,14,19,3,22] 


[2,4,6,8,10,18,12,14,19,3,22] | 


[2,3,5,7,9,15,11,13,20,3,22] 
[2,4,5,7,9,15,11,13,20,3,22] 
[2,3,6,7,9,15,11,13,20,3,22] 
[2,4,6,7,9,15,11,13,20,3,22] 
[2,3,5,8,9,15,11,13,20,3,22] 
[2,4,5,8,9,15,11,13,20,3,22] 
[2,3,6,8,9,15,11,13,20,3,22] 
[2,4,6,8,9,15,11,13,20,3,22] 


[2,3,5,7,10,16,11,13,20,3,22] 
[2,4,5,7,10,16,11,13,20,3,22] 
[2,3,6,7,10,16,11,13,20,3,22] 
[2,4,6,7,10,16,11,13,20,3,22] 
[2,3,5,8,10,16,11,13,20,3,22] 
[2,4,5,8,10,16,11,13,20,3,22] 
[2,3,6,8,10,16,11,13,20,3,22] 
[2,4,6,8,10,16,11,13,20,3,22] 


[2eDedyt Polk by key ho aU, ee | 
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©) #S | *(-S2)*E2*(-S6)*S5*Cq*C3*S24C] *€ | 

&) #S | *(-S2)*&o#(-S6)#S5*Cq*S3*E7*(-So)#S ) 4) 
©) #S | #(-S2)*Ep*(-S6)*S5*C4*S3+£2*C7*C #E | 

©) #5 | *(-S2)*E2*(-S6)*S5#Sqx(-S3)*C2#5 | ¥E | 

| #S | #(-S2)*E7#(-So)*S5*S4(-S3)*So#C] *e) 

Ej; *S) +(-S2)*&> #(-S6)*S5*Sq*C3*£p4(-S2)«S {+E | 
€) #8) *(-S2)*E2*(-S6)*S5*S4*C3*2*C2*Cj +E) | 


tao * [ ©) *S)«(-S2)#£2#(-S6)*S5*(-S4)*C3*C2#S | +E 


E | #S | #(-S2 )¥E2#(-S6)*S5*(-S4)*C3*S2#C1 #€ | 

E1951 9(-S2)s£2#(-S¢)*Sse(-S4)*S3eEp9(-S)9S1 +E; 
| #S | #(-So)*Ep*(-S6)*S5*(-S4)#S3*E0"C2*C] +E) 

| #S | #(-S2)*£*(-S6)*S5*C4*(-S3)#C2*S | #f 

E) #8) +(-S2)*£2*(-S6)*S5*Cq*(-S3)*S2*C] *E | 

©) #5) *(-S2)*E#(-S6)*S5*C4*C3*£2*(-S2)aS) +E) 
E)*S| «(-S>)*&o#(-S6)*S5#Cq*Cz4£*C2*C] #£ | | 


tip « | Sy *S)*(-S2)*E2« Co*(-S5)*Cg*C3*Cz#S | +E | 


E | #S | #(-S2)*Eo*Co*(-S5)*CqxC3*S2*C] +E) 

E)*S| #(-S>)*£o*C6*(-S5)*C4*S3*E0#(-S2)+S j*E] 
©) #S | #(-S2)*E2*Co#(-S5)#Cq4S 342 2*C2*C pe) 

| *S | #(-S> )*Eo*Cg#(-S5)*Sge(-S3)*Cz#S | #E) 

©) #5) *(-S2)*£o*Co*(-S5)*S4*(-S3)*So*Cp +E) 

©) «S| #(-S2)#Eo*Co*(-Ss5)*S4*C3*E>*(-S2)#S | #E | 
Ej #Sj*(-S2)*E2*Cg*(-S5)*Sq*C3*E2*Cz*C] +E) | 


tia * [ ©) *S)*(-S2)*E2*Co*(-S5)*(-S4)*C3*C2#S | E| 


€ | #5) #(-S2)#E2*Cg#(-Ss)(-S4)*C3#S2*C] +E) 

€] #5 | #(-S2 )wEr*Co#(-S5)#(-S4)*S3*E2*(-S2)#S | € 
€ | #S | #(-S2)*E2*Co*(-S5)*(-S4)*S3*E2*C2*C] *E | 

© #S | #(-S2)wE*C6x(-S5)*Cqx(-S3)*C2sS | #E | 

E | #S | #(-S2)*E2*Cox(-S5)*Cq*(-S3)*S2*C] +E 

Ej #S) #(-S2)*£2*C6#(-S5)*C4xC3*£2*(-S2)*S | #E| 

© | #S | #(-S2)*Ep*Co*(-S5)*CqxC3*£2*C2*C] +E) | 


tay * [ ©) *S)*(-S2)*E2*Co*C5*Cq¥C3*C2*S jE) 


Ej) +S] +(-S2)*&> #C6*C5*#C4*C3%So4C] *£) 

E) +S) «(-S2)*£> *C6*C5*C4*S3 48 *(-S2)*S [*E] 
Ej #S | #(-S2)*Ep* Coe Cs*Cq+S3*£2*C24C] 4) 

© i #S | *(-S2)*Er*Cg*Cs4Sqx(-S3 )aC2*S | | 

| #S | #(-S2)*Eo*Co*C5*S4x(-S3)*So#Cy*E | 


A-56 


[2,4,5,7,9,17,12,13,20,3,22] 
[2,3,6,7,9,17,12,13,20,3,22] 
[2,4,6,7,9,17,12,13,20,3,22] 
[2,3,5,8,9,17,12,13,20,3,22] 
[2,4,5,8,9,17,12,13,20,3,22] 
[2,3,6,8,9,17,12,13,20,3,22] 
[2,4,6,8,9,17,12,13,20,3,22] 


[2,3,5,7,10,18,12,13,20,3,22] 
[2,4,5,7,10,18,12,13,20,3,22] 
[2,3,6,7,10,18,12,13,20,3,22] 
[2,4,6,7,10,18,12,13,20,3,22] 
[2,3,5,8,10,18,12,13,20,3,22] 
[2,4,5,8,10,18,12,13,20,3,22] 
[2,3,6,8,10,18,12,13,20,3,22] 
(2,4,6,8,10,18,12,13,20,3,22] | 


[2,3,5,7,9,15,11,14,20,3,22] 
[2,4,5,7,9,15,11,14,20,3,22] 
[2,3,6,7,9,15,11,14,20,3,22] 
[2,4,6,7,9,15,11,14,20,3,22] 
[2,3,5,8,9,15,11,14,20,3,22] 
[2,4,5,8,9,15,11,14,20,3,22] 
[2,3,6,8,9,15,11,14,20,3,22] 
[2,4,6,8,9,15,11,14,20,3,22] 


[2,3,5,7,10,16,11,14,20,3,22] 
[2,4,5,7,10,16,11,14,20,3,22] 
[2,3,6,7,10,16,11,14,20,3,22] 
[2,4,6,7,10,16,11,14,20,3,22] 
[2,3,5,8,10,16,11,14,20,3,22] 
[2,4,5,8,10,16,11,14,20,3,22] 
[2,3,6,8,10,16,11,14,20,3,22] 
[2,4,6,8,10,16,11,14,20,3,22] 


[2,3,5,7,9,17,12,14,20,3,22] 
[2,4,5,7,9,17,12,14,20,3,22] 
[2,3,6,7,9,17,12,14,20,3,22] 
[2,4,6,7,9,17,12,14,20,3,22] 
[2,3,5,8,9,17,12,14,20,3,22] 
[2,4,5,8,9,17,12,14,20,3,22] 


NAWCWD TP 8592 


E | #S | #(-S2)#E9*CgeC5*Sg*Cz¥l0*(-S2)*S) ¥f) 
£1 #5) *(-S2)*E2*Co*C5*SqxCz*29*Cz*Cis&) | 


toz * [ €)*S)«(-S2)*E2*Cg*C5*(-S4)*C3*C2*S | *E| 


©) #51 #(-S2)*E2*Co*C5*(-S4)*C3*S2*C1 +) 

| #5) #(-S2)*E2*Co*C5#(-S4)*S34£2#(-So)#S) *) 
©) #S | #(-S2)#En*CoeC5*(-S4)#S3*22*C2*C] #€ | 
E) #S | #(-S2 )*E2*Co*C5*Cq*(-S3)*C2#S | #€) 

E) S| «(-S2)#&2*C5*C5*C4*(-S3)*So*Cp #E | 

©) #8) *(-S2)*E2*C5*C5*Cq*C3*€#(-S2)*S jE) 

Ej *S) #(-Sp)HEoeConCgeCgeCz¥Eo4Co*Cp +E) | 


try * | ©) *Cy*S2*Co*C5*C4*C3*C2*S | *E) 


©) #Cp*So*CeeC5*C4q*C34S04C] *£) 

E | #Cy #S2*Co*C5*Cq4S3*£2*(-S2)#S jE 
Ey Cp *So*CoeC5*Cg*S3*604Cp*C] *& | 
| *C] *S2*CG*C5*S4*(-S3)*C2*S | | 

© | Cp *S2*Co*C5*Sq*(-S3)*So*C]*E | 

Ej #C] #S2*C6*C5#S4eC3*22#(-S2)#S | #) 
©) *Cy*S2*Cg*C5*SqxC3*Eo*C2*Cy +e) | 


tia * [ &)*Cy+S2*Cg*C5*(-S4)*C3*C2* S| *E| 


© | #C] #S2*Cg*C5*(-S4)#C3 *S2*C] +E 

© | #C] #S2*CG*C5*(-S4)#S3 +E 2*(-S2)#S | +E 
EC] #So*C6*C5*(-S4)*S3*E*C2*C] *€ 
©) #Cy *S2*Co*C5*Cqx(-S3)*C2*S | #E | 

© | C1 #S2*Cp*C5*Cq*(-S3)¥So*Cy #€ | 

©) #C] #S2*CoeC5*CqxC34£2*(-So)#S | #f| 

© #Cy #S2*Cg*C5*Cq*C3*£p*C7*Cj +E) | 


tay * [&)*Cy*So*Cg*S5*C4xC3*C2*5 jE) 


©) *Cy *So*Ce*S5*CgeC3*So#Cy& | 

© j aC *S2*C6*S5*Cq*S34£7*(-S)*S jE 
©) #Cy*S2*CG*S5*C 4483409 +C2*Cj *&| 

© | #C 1 #S2*Co*S5*S4*(-S3 )*C2#S | #f 

| #C] *So*CG*S5*Sq4(-S3)*So¥C] +E | 

E | #C] *S2*C6*S54S4xC3*£24(-S2)#S | +E | 
Ej #Cp*S2*Co*Ss*S4qxC3*£04*C7*C*E) | 


to + [ ©) «Cp *S2*Co*S5*(-S4)*C3*C2#S | +f | 


A-57 


[2,3,6,8,9,17,12,14,20,3,22] 
[2,4,6,8,9,17,12,14,20,3,22] 


[2,3,5,7,10,18,12,14,20,3,22] 
[2,4,5,7,10,18,12,14,20,3,22] 
[2,3,6,7,10,18,12,14,20,3,22] 
[2,4,6,7,10,18,12,14,20,3,22] 
[2,3,5,8,10,18,12,14,20,3,22] 
[2,4,5,8,10,18,12,14,20,3,22] 
[2,3,6,8,10,18,12,14,20,3,22] 


[2,4,6,8,10,18,12,14,20,3,22] fl 


[2,3595759515,11,13,19,4,22) 
[2,4,5,7,9,15,11,13,19,4,22] 
[25550,7,9,15,11,13,19,4,22] 
[2,4,6,7,9,15,11,13,19,4,22] 
[2,3,9,8,9,15,11,13,19,4,22] 
[2,4,5,8,9,15,11,13,19,4,22] 
[2,3,6,8,9,15,11,13,19,4,22] 
[2,4,6,8,9,15,11,13,19,4,22] 


[2,3,5,7,10,16,11,13,19,4,22] 
[2,4,5,7,10,16,11,13,19,4,22] 
[2,3,6,7,10,16,11,13,19,4,22] 
[2,4,6,7,10,16,11,13,19,4,22] 
[2,3,5,8,10,16,11,13,19,4,22] 
[2,4,5,8,10,16,11,13,19,4,22] 
[2,3,6,8,10,16,11,13,19,4,22] 
[2,4,6,8,10,16,11,13,19,4,22] 


[2,3,5,7,9,17,12,13,19,4,22] 
[2,4,5,7,9,17,12,13,19,4,22] 
[2,3,6,7,9,17,12,13,19,4,22] 
[2,4,6,7,9,17,12,13,19,4,22] 
[2,3,5,8,9,17,12,13,19,4,22] 
[2,4,5,8,9,17,12,13,19,4,22] 
[2,3,6,8,9,17,12,13,19,4,22] 
[2,4,6,8,9,17,12,13,19,4,22] 


(2,5,9, /540,18,12,13, 19,422] 
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€) #C1 *#S2*Cg*S5*(-S4)*C3*S2*C] 4 | 

Ej *C] *S2*Cg#S5*(-S4)*S3*£2*(-S2)#S | #f, 
E | *C 1 *S2*C6*S5*(-S4)*S3*E2*C2*C] #E) 

Ey *C] *So*Cg*S5*Cq*(-S3)*C2*S | *E | 

Ej *C *S2*C6¥S5*C4*(-S3)*S2*C] *€ | 

©) *Cy *So*CoeS5*C4*C3*F #(-S2)*S) #0) 

E | #C] #S2*CG*S5*C4*C3*£p*Cz*Cy +E) | 


thy * [ ©) *C*S2*Sge(-S5)*Cqg*C3#Cz#S | #E) 


E\*C] *S2*S6*(-S5)*C4*C3#S2*C] *E | 

E | #C1 #S2*S6*(-S5)*C4xS3#E2*(-S2)¥S | *E) 
E | *#C1#S24S6+(-S5)*CqxS3+E2*C2*C] +E) 
Ej) *C] *S2*S6*(-S5)*S4*(-S3)*C2*S jE) 

€| #C] #S2#So#(-S5)*Sq*(-S3)#S2*C] ¥€ | 
E)*C] *S2*S6*(-S5)*Sq*C3*£*(-S>)«S jel] 
© | *C1 #S2#*S6#(-S5)*SqxC3*Ep*C7*C]*e) | 


ti2 * [ &)*Cj*S2*S¢*(-S5)#(-S4)*C3*C2*S | *E| 


© | *C] *S2*So*(-S5)*(-S4)*#C3*S2*C] #E| 


1 *C1*S2*S6*(-S5)*(-S4)*S3*E2*(-S2)*S | +f 


E | #C] *S2*S6*(-S5)#(-S4)*S3*E2*C2*C] +E | 
©) *C] *S2*S6*(-S5)*Cq*(-S3)*C2*S jE] 
E)#C1*S> *S6*(-S5)*C4*(-S3)*S2#C} #£) 
£) #0] *S2*So*(-S5)*CqxC3*£2#(-S2)#S | #E) 
| #C1 *S2#Soe(-S5)*Cq*C3*£2*C2*C] #E) | 


toy * [&)*Cy*S2¥*So*C5*Cq*C3*C2*S | #f) 


E) *Cy *S2*S6*C5*Cq*C3*Sp*C] #£) 

E)*C] #S2*S6#C5+*C4¥S3*£2*(-S2) S| *E| 
©) #1 *S2*S6*C5*C4*S3%£7*C2*C] #&) 

E | *C] #S2*S6*C5*S4*(-S3)*C2*S | *E) 

Ej #C 1 *S2*S6*C5*S4+(-S3)*S2*Cp +E) 

Ej; *C] #52 *S6*C5*S4*C3*£0*(-S2)*S | #E 
©) *Cp*S2*S6*C5*S 440346 9*Cp*C] *£) | 


ta2 + [ &)*Cj*S2*SgaC5*(-S4)#C3*C2#S | +f) 


E)*C] *S2*S6*C5*(-S4)*C3* So#Cyp *& | 

E | *C] #S9*Se#C5*(-S4)*S3+E2*(-S2)#S +E 
E)*C] #52*S6*C5*(-S4)*S3*£2*C2*C] #€| 

E | #C 1 *Sr4SgxCs*Cqe(-S3)*Cz*S | +€) 

©) *C1*S2*So*C5*Cq*(-S3)*So*C p+) 


[2,4,5,7,10,18,12,13,19,4,22] 
[2,3,6,7,10,18,12,13,19,4,22] 
[2,4,6,7,10,18,12,13,19,4,22] 
[2,3,5,8,10,18,12,13,19,4,22] 
[2,4,5,8,10,18,12,13,19,4,22] 
[2,3,6,8,10,18,12,13,19,4,22] 
[2,4,6,8,10,18,12,13,19,4,22] _ 


[2,3,5,7,9,15,11,14,19,4,22] 
[2,4,5,7,9,15,11,14,19,4,22] 
[2,3,6,7,9,15,11,14,19,4,22] 
[2,4,6,7,9,15,11,14,19,4,22] 
[2,3,5,8,9,15,11,14,19,4,22] 
[2,4,5,8,9,15,11,14,19,4,22] 
[2,3,6,8,9,15,11,14,19,4,22] 
[2,4,6,8,9,15,11,14,19,4,22] 


[2,3,5,7,10,16,11,14,19,4,22] 
[2,4,5,7,10,16,11,14,19,4,22] 
[2,3,6,7,10,16,11,14,19,4,22] 
[2,4,6,7,10,16,11,14,19,4,22] 
[2,3,5,8,10,16,11,14,19,4,22] 
[2,4,5,8,10,16,11,14,19,4,22] 
[2,3,6,8,10,16,11,14,19,4,22] 
[2,4,6,8,10,16,11,14,19,4,22] 


[2,3,5,7,9,17,12,14,19,4,22] 
[2,4,5,7,9,17,12,14,19,4,22] 
[2,3,6,7,9,17,12,14,19,4,22] 
[2,4,6,7,9,17,12,14,19,4,22] 
[2,3,5,8,9,17,12,14,19,4,22] 
(2,4,5,8,9,17,12,14,19,4,22] 
[2,3,6,8,9,17,12,14,19,4,22] 
[2,4,6,8,9,17,12,14,19,4,22] 


[2,3,5,7,10,18,12,14,19,4,22] 
[2,4,5,7,10,18,12,14,19,4,22] 
[2,3,6,7,10,18,12,14,19,4,22] 
[2,4,6,7,10,18,12,14,19,4,22] 
[2,3,5,8,10,18,12,14,19,4,22] 
[2,4,5,8,10,18,12,14,19,4,22] 
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[2,3,6,8,10,18,12,14,19,4,22] 


Ey) *C] #S2*S6*C5*Cq*C3*£2*(-S>)*S )*} 
[2,4,6,8,10,18,12,14,19,4,22] | ff 


Ej *Cp*Sp*SoxC5CqxCzEo*C2*Cy +e; | 


tii * | © | #Cp*C2*Ep*(-S6)*C5*C4q*C3*C2*S | #E | LD tadly'he Mahala. k 1,13,20,4,22] 


E)*C] #C2*£#(-S6)*C5*C4*C3*S2*C] #€ | 

©) *Cj*C2*&o *(-S6)*Cs5 #C4*S3 #£p*(-So)«S jE] 
©) «Cy #C2*£9*(-S6)*C5*C4*S34£> #C9*Cj*0) 
£)*C] #C2*£#(-S¢)*C5*S4*(-S3)*C2*S j*E] 

© | #Cy *C2*£*(-S6)*C5+*Sq+(-S3)*So*C] *€| 

© | #C] #C2#E2*(-S6)*C5+*Sq*C3*£9*(-S2)#S | #€) 
©) *Cy*C2*&> #(-S6)*C5*S4*C3 #£9%C2*C] *£) | 


tia * [ Ej *Cy*C2*&2«(-S6)*C5*(-S4)*C3*C2* Sj +e) 


Ej *Cp*C2*& +(-S6)*C5*(-S4)*C3*S2*C] #£ | 


E | #Cy*#C7#£2*(-S6)*C5*(-S4)#S3*E2*(-S2)#S | #€ | 


€ | #C1*C2*E7*(-So)*C5*(-S4)*S3*E2*C2*C] *E) 
©) #C)*C2*& #(-S6)*C5*C4*(-S3)*C2*S | *E | 
©) *C]*C2*E*(-S6)*C5*C4x(-S3 )aSr*Cy ¥) 
©) 4Cj*Co*& #(-S6)*C5*Cq*C3*£2*(-S2)*S j*} 
1 *C*C2¥£2*(-S6)*C5*C4xC3*E24C2*C1 +E) | 


tay * [ ©) *Cy*C2*E2*(-S6)*S5*CqxC3*C2#S | *f| 


€ | Cy #CQ*E*(-S6)*S5*CqeCz*S24C] #€ | 

Ej *C]*C2*E*(-S6)*S5*Cq*S3*22*(-S2)#S) *E) 
Ey *C1*Co*& «(-S6)*S5*Cq*S3*£0*C2*Cy *£ | 

©) *Cy*C2*&> +(-S6)*S5*S4*(-S3)*C2*S j*] 
E)*C] #C2*£#(-S6)*S5*S4*(-S3)*So#C] *£ | 

©) Cp *C2*£ #(-S6)*S5*S4q*C3*£2*(-So)*S j*E 
©) #1 #C2#£7#(-S6)#Ss5SqxC3E7*C2*Cj*E) | 


tro * [ &\ *C]*C2*E2*(-S6)*S5*(-S4)*C3*C2#S | #E 


©) *C*C2*£o*(-S6)*S5*(-S4)*C3*S2*C] *E) 


E| *C1#C2*€#(-S6)*S5#(-S4)*S3*E2*(-S2)#S | *E) 


© | #C1*#C2*E2*(-Se)*S5*(-S4)#S3xE2*C2#C] #€ 
E | C1 #C2¥Ep*(-S6)#S5*Cqe(-S3)*C2#5 | +E 
£)#C)#C2#E> +(-So)*S5*C4*(-S3)*So*C]*E) 
£1 Cj *Co*& #(-S6)*S5*Cq*C3*£ *(-S>)«S 1 *E] 
E| #1 #C2*E2#(-SG)#S5*CqgeCz*E2"Cp*Cj +E) | 


typ * | Ej *Cy*Co*Er* Cox(-S5)*CqxC3*C2*S | #E) 


Ej #C 1 *C2*&p*CG*(-S5)*C4*C3*S2*C] *€ | 


A-59 


[2,4,5,7,9,15,11,13,20,4,22] 
[2,3,6,7,9,15,11,13,20,4,22] 
[2,4,6,7,9,15,11,13,20,4,22] 
[2,3,5,8,9,15,11,13,20,4,22] 
[2,4,5,8,9,15,11,13,20,4,22] 
[2,3,6,8,9,15,11,13,20,4,22] 
[2,4,6,8,9,15,11,13,20,4,22] 


[2,3,5,7,10,16,11,13,20,4,22] 
[2,4,5,7,10,16,11,13,20,4,22] 
[2,3,6,7,10,16,11,13,20,4,22] 
[2,4,6,7,10,16,11,13,20,4,22] 
[2,3,5,8,10,16,11,13,20,4,22] 
[2,4,5,8,10,16,11,13,20,4,22] 
[2,3,6,8,10,16,11,13,20,4,22] 
[2,4,6,8,10,16,11,13,20,4,22] 


[2,3,5,7,9,17,12,13,20,4,22] 
[2,4,5,7,9,17,12,13,20,4,22] 
[2,3,6,7,9,17,12,13,20,4,22] 
[2,4,6,7,9,17,12,13,20,4,22] 
[2,3,5,8,9,17,12,13,20,4,22] 
[2,4,5,8,9,17,12,13,20,4,22] 
[2,3,6,8,9,17,12,13,20,4,22] 
[2,4,6,8,9,17,12,13,20,4,22] 


[2,3,5,7,10,18,12,13,20,4,22] 
(2,4,5,7,10,18,12,13,20,4,22] 
[2,3,6,7,10,18,12,13,20,4,22] 
[2,4,6,7,10,18,12,13,20,4,22] 
[2,3,5,8,10,18,12,13,20,4,22] 
[2,4,5,8,10,18,12,13,20,4,22] 
[2,3,6,8, 10,18, 12,13,20,4,22] 
[2,4,6,8,10,18,12,13,20,4,22] _ 


[2,3,5,7,9,15,11,14,20,4,22] 
[2,4,5,7,9,15,11,14,20,4,22] 
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Ej *Cj*C2*&> *C6*(-S5)*C4*S3*£0*(-S2)*S j*E) 
Ej *Cy*C2*E2*C6#(-S5)*C4xS3¥£2*C2#C] +E 

E | #C1#C2*E*C6#(-S5)#S4x(-S3)*C2*S | *€ | 

©) *C1 *C2*£9*C6*(-S5)*S4*(-S3)*S2*C) +€ 

£1 *Cy*C2*£7*Co*(-S5)*S4*C3z*£p*(-S2)*S)*€) 
©] #C] #C2*£2*Coe(-S5)*S4g*C 34 2"C2*C] +E) | 


tia * [ ©) *Cy*Co*Eo«Cg«(-Ss5)«(-S4)*C3*C2#S | #E 


E)*C] #C2*£*CG«(-S5)#(-S4)*C3*S2*C] *£) 

1 *C1*C2*#E9*Ce*(-S5)#(-S4)*S3*E2*(-S2)#S |e) 
€ | #Cy *C2*E2*CG*(-S5)#(-S4)*S3*E2*C2*C] +E 

Ey *C] #C2*£2*C6*(-Ss5)*C4*(-S3)*C2*S | al 

E;*C] *C2*E2*C6*(-S5)*Cq*(-S3)*S2*C] *e | 

©) #Cj*C2*E*CG#(-S5)*C4xC3*E#(-S2)#S | *E 

Ej *Cy*C2*£7*Cg*(-S5)*C4xCz*Ep*C24Cp +E) | 


tay * [ &)*Cy*C2*E2*CgaCs*CqxCz*C2 4S | #E | 


©) #Cp#C2#&7*CoeC5*C4eC3 #59 *C] E| 

© | #C] #C72#£9*CG*C5*C44S3+E2*(-S2)*S) +E) 
Ey eC *Co*£9*CepxC5*C 4483469 *Co*C] #£ | 

©) *Cy*C2*E9*C6*C5*S4(-S3)*C2*S | *E) 
€)*#C} #C2*E9*C6*C5*S4*(-S3)*So*C] *E) 

E | #Cy#Cz*2r4CG*C5#S4eC34£2*(-S2)#S/4E) 
©) #Cp#C2*£p*CoxC5*SqxC3*£2*C2*Cy*&) | 


tag * [ €)*Cp*Cz*&r4CoaCs*(-S4)*C34Cz*5 | +E) 


©) #Cy*C2*£2*Co*C5*(-S4)*C3*S2*C] +E) 
E)*C] *C2*E 0 *C6*C5*(-S4)*S3*f2*(-S2)*S Lit 
E | #Cy#C2*&p*Cg*C5*(-S4)*S3*E2*C2*C] ¥E | 

©) *Cj*Co*& *C6*C5*Cq*(-S3)*C2*S jE] 

1 #01 *#C2*£9*C6*C5*C4*(-S3)*#S2*C] #E) 

© yj #Cy*Co*£o*CegeC5*CgeC3*8 0 «(-S>)*S) *E | 

E| #1 #Cz*Ep*Co*Cs*CgeCz*Er*Cz*Ci*€) | 
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[2,3,6,7,9,15,11,14,20,4,22] 
[2,4,6,7,9,15,11,14,20,4,22] 
[2,3,5,8,9,15,11,14,20,4,22] 
[2,4,5,8,9,15,11,14,20,4,22] 
[2,3,6,8,9,15,11,14,20,4,22] 
[2,4,6,8,9,15,11,14,20,4,22] 


[2,3,5,7,10,16,11,14,20,4,22] 
[2,4,5,7,10,16,11,14,20,4,22] 
[2,3,6,7,10,16,11,14,20,4,22] 
[2,4,6,7,10,16,11,14,20,4,22] 
(2,3,5,8,10,16,11,14,20,4,22] 
[2,4,5,8,10,16,11,14,20,4,22] 
[2,3,6,8,10,16,11,14,20,4,22] 
[2,4,6,8,10,16,11,14,20,4,22] 


[2,3,5,7,9,17,12,14,20,4,22] 
[2,4,5,7,9,17,12,14,20,4,22] 
[2,3,6,7,9,17,12,14,20,4,22] 
[2,4,6,7,9,17,12,14,20,4,22] 
[2,3,5,8,9,17,12,14,20,4,22] 
[2,4,5,8,9,17,12,14,20,4,22] 
[2,3,6,8,9,17,12,14,20,4,22] 
[2,4,6,8,9,17,12,14,20,4,22] 


[2,3,5,7,10,18,12,14,20,4,22] 
[2,4,5,7,10,18,12,14,20,4,22] 
[2,3,6,7,10,18,12,14,20,4,22] 
[2,4,6,7,10,18,12,14,20,4,22] 
[2,3,5,8,10,18,12,14,20,4,22] 
[2,4,5,8,10,18,12,14,20,4,22] 
[2,3,6,8,10,18,12,14,20,4,22] 


[2,4,6,8,10,18,12,14,20,4,22] | il 
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Appendix B 
MATLAB PROGRAMS. 


Our Matlab programs compute the output intensity of the general gyroscope 
described in Section 5 for three types of frequency distribution functions g; a Gaussian 
function, a step function, and a tent function, using Equations 3.11, 3.12, and 3.15, 


respectively. In order to compute the intensity given by any one of these three equations 
we need the four arrays of coefficients Cj (i, 7 = 1,2) and the sets of phase indices A,,(s) 


to compute all the phase shifts f,(s) for all i, 7= 1,2 and 1 <s< 256. 


The four arrays of coefficients Cj (i,j = 1,2) are provided by the four functions 
Coefl1_arr, Coef12_arr, Coef21_arr, and Coef22_arr. We show part of the function 
Coefl11_arr to illustrate it's structure. The complete lists of coefficients for 7);, 712, 721, 


and 7>2 can be found in Appendix 1. 


function Coefl 1 = Coef11_arr(s1,s2,s3,s4,s5,s6,c1l,c2,c3,c4,c5,c6,e1 ,e2,t) 
% Array of coefficients for T11. 


tl 1=t(1); 
t12=t(2); 
t21=t(3); 
t22=t(4); 


Coefl1 = (1/4) * [ 


117% [ el%e2"%cbh*c5*c48"es"*c2"cl 
cl *c2*c6*c5*c4*c3*s2*(-s1) 
cl *c2*c6*c5*c4*s3*e2*(-s2)*cl 
cl *c2*c6*c5*c4*s3*e2*c2*(-s1) 
c1*c2*c6*c5*s4*(-s3)*c2*cl 
cl *c2*c6*c5*s4*(-s3)*s2*(-s1) 
c1*c2*c6*c5*s4*c3*e2*(-s2)*cl 
c1*c2*c6*c5*s4*c3*e2*c2*(-sl) | 
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tl2* [ cl*%c2*%c6%c5*(-s4)*c3%c2*cl 
c1*c2*c6*c5*(-s4)*c3*s2*(-s1) 
c1*c2*c6*c5*(-s4)*s3 *e2*(-s2)*cl 
c1*c2*c6*c5*(-s4)*s3 *e2*c2*(-s1) 


t21* [ (-sl)*c2*e2*c6*c5*c4*c3*c2*cl 
(-s1)*c2*e2*c6*c5*c4*c3*s2*(-s1) 
(-s1)*c2*e2*c6*c5*c4*s3*e2*(-s2)*cl 
(-s1)*c2*e2*c6*c5*c4*s3*e2*c2*(-s1) 
(-s1)*c2*e2*c6*c5*s4*(-s3)*c2*cl 
(-s1)*c2*e2*c6*c5*s4*(-s3)*s2*(-s1) 
(-s1)*c2*e2*c6*c5*s4*c3*e2*(-s2)*cl 
(-s1)*c2*e2*c6*c5*s4*c3*e2*c2*(-sl) ] 

t22* [ (-sl)*c2*e2*c6*c5*(-s4)*c3*c2*cl 
(-s1)*c2*e2*c6*c5*(-s4)*c3*s2*(-s1) 
(-s1)*c2*e2*c6*c5 *(-s4)*s3 *e2*(-s2)*cl 
(-s1)*c2*e2*c6*c5*(-s4)*s3*e2*c2*(-s1) 
(-s1)*c2*e2*c6*c5 *c4*(-s3)*c2*cl 
(-s1)*c2*e2*c6*c5*c4*(-s3)*s2*(-s1) 
(-s1)*c2*e2*c6*c5*c4*c3*e2*(-s2)*cl 
(-s1)*c2*e2*c6*c5*c4*c3*e2*c2*(-s1) | J; 


The inputs to Coef11_arr are sl, s2, s3, s4, s5, 56, cl, c2, c3, c4, c5, c6, el, e2, tll, 
t12, t21, and t22, where 


sl] = sin(a(1)), cl = cos(a(1)), 

s2 = sin(a(2)), c2 = cos(a(2)), 

s3 =sin(Al + a(3)), c3 =cos(Al + a(3)), 
s4=sin(4++b(1)), c4=cos(4+ b(1)), 
s5=sin(++b(2)), c5=cos(4+b(2)), 


s6 = sin(A2 + a(4)),  c6=cos(A2 + a(4)), 


Al = 0° or 90°, A2 = 0° or 90°, and a(1), a(2), a(3), a(4), b(1), b(2) are arbitrary angles. 
The two polarization extinction ratios are e/ = €, and e2 = €,. The magnitudes of the 


entries of the coil's 2x2 complex matrix are t//, t]2, 12], and 122. 


The sets of phase indices A,,(s) (1 <s < 256) for a particular index pair (i, /) have 


been arranged in an 11 256 array Lij. In our Matlab programs these four arrays are 
produced by four functions called Ph_arrCol11, Ph_arrCo12, Ph arrCo21, 
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Ph_arrCo22. We show part of the function Ph_arrCo11 to illustrate it's structure. The 


complete lists of phase indices for 7),, 712, T21, and 722 can be found in Appendix 1. 


function L| 1=Ph_arrColl 


L11={[ 


[1,3,5,7,9,15,11,13,19,3,21] 
[1,4,5,7,9,15,11,13,19,3,21] 
[1,3,6,7,9,15,11,13,19,3,21] 
[1,4,6,7,9,15,11,13,19,3,21] 
[1,3,5,8,9,15,11,13,19,3,21] 
[1,4,5,8,9,15,11,13,19,3,21] 
[1,3,6,8,9,15,11,13,19,3,21] 
[1,4,6,8,9,15,11,13,19,3,21] 


[1,3,5,7,10,16,11,13,19,3,21] 
[1,4,5,7,10,16,11,13,19,3,21] 
[1,3,6,7,10,16,11,13,19,3,21] 
[1,4,6,7,10,16,11,13,19,3,21] 
[1,3,5,8,10,16,11,13,19,3,21] 


[1,3,5,7,9,17,12,14,20,4,21] 
[1,4,5,7,9,17,12,14,20,4,21] 
[1,3,6,7,9,17,12,14,20,4,21] 
[1,4,6,7,9,17,12,14,20,4,21] 
[1,3,5,8,9,17,12,14,20,4,21 ] 
[1,4,5,8,9,17,12,14,20,4,21] 
[1,3,6,8,9,17,12,14,20,4,21] 
[1,4,6,8,9,17,12,14,20,4,21] 


[1,3,5,7,10,18,12,14,20,4,21] 
(1,4,5,7,10,18,12,14,20,4,21] 
[1,3,6,7,10,18,12,14,20,4,21] 
[1,4,6,7,10,18,12,14,20,4,21] 
[1,3,5,8,10,18,12,14,20,4,21] 
[1,4,5,8,10,18,12,14,20,4,21] 
[1,3,6,8,10,18,12,14,20,4,21] 


[1,4,6,8,10,18,12,14,20,4,21] J; 


For example, L/1(2, :) = [1,4,5,7,9,15,11,13,19,3,21] and L//(s,:) contains the eleven 


indices needed to define the phase shifts 


re Ll 1\(s,:) 


B,(s)@, =@, > 9 (1 <s< 256). 
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These summations are implemented in Matlab as follows. We define a 22-column 
vector called phase =[@,¢, 0,0, @,¢, ... @,,, | that contains all the phase shifts involved 


in the clockwise path of the gyro: ¢ =0 for r odd, ¢ =(n,-n,_,)/,/c for r even, r= 1, 


2, 3, ... 14, and r = 19, 20, 21, 22. The four taus, 71), T12, T21, and T22 representing the coil 
phase shifts receive the indices 15, 16, 17, and 18, respectively; thatis $.= 11, &.= Ti2, 


Q,, =T21, and $,,=T2. The values of all 256 £,(s) (1 < s < 256) are contained in a 256- 


row vector called Bij (i, 7 = 1, 2). In order to speed up the program we use the 
vector/matrix operations available in Matlab. To evaluate the sums in Equation A1 for all 
s simultaneously we form the matrix 


Phase_M = phase*ones(1, 256) 


which is a 22256 matrix whose columns are all equal to the 22-column vector phase. 
Then we call the function Ph_arrCoij and let 


Lij = Ph_arrCoij ' 


so that Lij is an 11256 array whose columns contain the indices A,(s) (1 < s < 256). 


The statement 
Phase_M(Lij) 


produces an 11256 array whose s-th column contains the phases ¢ for re A,(s),1<s 


< 256. Next, the statement 
Bij = sum(Phase_M(Lij)) 


sums the elements of the columns of Phase_M(Lij) to produce the 256-row vector Bij 
containing the values of £,(s) defined by Equation A]. 


Next, we describe the function StepIntens where the above statements appear. This 
function computes the output intensity of the gyroscope for several values of the lengths 
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/, and /, when g is a step function. The inputs to StepIntens are Del, /, e, a, b, t, tau, 
Phi, input, wl, N, and M. 


The differences (deltas) in the index of refraction of the two polarization modes of the 
PM fibers and IOCs are contained in the 7-vector Del ; Del(i) = n2; - n2;-; for i =1, 2, 3, ... 
mr 


The 9-vector / contains the lengths of the PM fibers and the path lengths of the IOCs. 
The value of /, varies from 0 to /(4) meters with increments of /(4)/(N-1), where the input 
N is the number of values for /,. The value of /, varies from 0 to /(7) meters with 
increments of /(7)/(M-1), where the input M is the number of values for /,. The output of 


StepIntens is an VX M array containing the output intensities for the different values of 
/, and 1. 


The 2-vector e contains the two polarization extinction ratios €, and €,. The 4-vector 
a contains the four miss-alignment angles @,, @,, @,, and @, in radians. The 2-vector b 
contains the miss-alignment angles £,, 4, in radians. The 4-vector ¢ has the magnitudes 
of the entries of the coil matrix ¢ =[t); t)2 t21 f22], the 4-vector tau has the four phase shifts 
due to the coil; tau = [7,,, 7,,, T,,, T.]. The input phi is the Sagnac phase, the input 
input is a 2-column unit vector defining the polarization strengths of the two orthogonal 
components of the electromagnetic field input, w/ is the half width of the step function g 
and the integers N and M define the size of the output Vx M matrix J. 


With these inputs, the function StepIntens defines the 22-vector phase described 
earlier, it computes the six cosines and sines of the six rotations: cl], c2, c3, c4, c5, c6, 
and s/, s2, s3, s4, s5, c6, calls the four functions Coefij_arr (ij = 11, 12, 21, 22) and the 
four functions Ph_arrCoij (ij = 11, 12, 21, 22) described above, and computes the 
coefficients la, (1+ cos¢), 2\a,| (1+ cos), 2cos¢, and 2\a,a,|(1+cos¢) involved in 


Equation 3.10, where we have assumed that the phase a@ = 0 (e.g. a, and a, real). 


Next, there is a double loop where the output intensity is computed for the various 
values of the lengths /, and /,. In this loop, the four 256-row vectors B//, B12, B21, 
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B22, are computed as described earlier. The differences [f,(s)—£,,(p)]@, are 


computed for all s and p and stored in the 256x256 matrix Bij_uv with the statement 
Bij_uv = Bij' * ones(1,256) — ones(256,1) * Buy, 


so that Bij_uv (s, p) = Bij (s) — Buv (p) =[ B,(s)- B,,(p) 1@,. 


The sums 
256 256 sin[ B,.(s)— B,,(p)]a, 
CLAsye aa ae - 
»»? y(S) w(P) [B,(s)— B,, (plo, ” 


are computed by a call to the function StpSuvij described next. These results are added 
up according to Equation 3.12 to give the output intensity when g is a step function. 


The function StpSuvij computes the Sums A2. The inputs to this function are two 
arrays of coefficients Cij and Cuv and a 256X256 array of differences Bij_uv. The first 
step is to find the indices (s, p) such that 


[ B,(s)- B,,(p) ]@, =9, (A3) 


sin[ B.(s)— 
since for these indices sinl A; (s)~ PnP) =1. This is accomplished with the first 


[B; (s) - Bas (p)]a, 


statement 
[x, y] = find(Bij_ uv == 0). 


These indices are used in a loop to add the products C;,(s)C,,(p) for all (s, p) such that 
Equation A3 hold. The statement 


[i, j] = find(Bij_uv), 
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gives all indices (s, p) for which Equation A3 does not hold. A second loop uses these 


cman ee iad OT 


to the previous sum. 


The function SagnacBias computes the error in the Sagnac phase shift due to 
imperfect polarizers. It has two integer inputs NV and M which have been described earlier. 


This function simply defines values for the inputs to the function StepIntens in order to 
compute /,(—72/2) then defines values for the inputs to the function StepIntens to 


compute /,(—z/2) and computes the Sagnac phase shift error ¢ given by Equation 
3.13. It then plots the error for the various values of /, and /,. 


When the frequency distribution function g is a triangular function we use the Matlab 
function PL _Intens instead of StepIntens. The function PL Intens is identical to 
StepIntens except that it calls the function PL_Suvij to compute the sums in Equation 
3.18. Also, the phases in PL Intens do not include the factor w/ like they do in 
StepIntens. Thus, Bij_uv (s, p) = Bij (s) — Buv (p) = B,(s)— B,,(p) , and wBij_uv (s, p) = 


w1*Bij_uv (s, p)=[f,(s)— B,,(p)1@,. 


When the frequency distribution function g is a Gaussian function we use the Matlab 
function GausIntens instead of StepIntens. Again, this function is identical to 
StepIntens except that the computation of the sums in Equation 3.14 are taken care of by 
GausIntens with statements of the form 


sum( sum( Cijuv.*exp(-(Bij *ones(1,256)-ones(256,1)*Buv).%2) ) ). 
The phases in GausIntens do not include the factor w/, instead they include the factor 


(sigma/sqrt(8)). Thus, Bij_uv (s, p) = Bij (s) — Buv (p) =(sigma/sqrt(8))*[ 8, (s)— 6,,(P) ] 


as required in Equation 3.14. 
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PROGRAM LISTINGS 


function [Err,Bias,I,lo] = SagnacBias(N,M) 


%N=10; 
%M=10; 


% Del=[vector of length 7; index of refraction differences; "Deltas"]; Del_1 =(n_2-n_1). 
% |=[wavegide lenghts 1-7]=ones(1,7); 

% e=([polarization extinction epsilons 1-2]=0.01*[1 1); 

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1); 

% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1]; 

% t=magnitud of entries in the coil matrix, t=[1 1 1 1]; 

% tau=[phase shifts due to coil, 1-4]=[1 1 1 1]; 

% phi=Sagnac phase 

% input = a unit 2-column vector=[cos sin]'; 


z—9; % meters. 12m, 15m. 


%Del=.00065*[0 1 .084/.00065 1 1 1 1]; 
Del=.00065*[0 1 .005/.00065 1 1 1 1]; 


%|=[.05 0 .05 15 2*z z 15]; % meters 

I=[0 .2 .035 6 2*z z 6]; % meters; 1(4) and 1(7) will vary from -1(4) to 1(4) and -1(7) to 
% 1(7), respectively. 

e=[1 .001]; 

a=[.178 -.032 .032 -.032]; % radians 

b=[.032 -.032]; % radians 

t=1/sqrt(2)*[1 1 -1 1]; 

tau=1*[1 1 1 1]; 

phi=-pi/4;; 

input=(1/sqrt(2))*[1 1]'; 

Yinput=[1 0}'; 

%sigma=1.67e+13; % 1/sec 

sigma=1.654e+13; % 1/sec lambda_o=1.3e-6 meters, sigma _lambda=15e-9 meters 

w1=2*sigma; 

%w 1=2*sigma/10; 


increm_i=1/(N-1); 

increm_j=1/(M-1); 

i=[1:N]; 

j=[1:M]; 

y—1(4)*(i-1)*increm_1; %0<=r<=1. 
x=1(7)*(j-1)*increm_j; %0<=s<=1. 


tic 
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I=GausIntens(Del,|,e,a,b,t,tau,phi,input,w1,sigma,N,M); 
% I=StepIntens(Del,]l,e,a,b,t,tau,phi,input,w1,N,M); 
% I=PL_Intens(Del,|,e,a,b,t,tau,phi,input,w1,N,M); 


e=[1 0]; 
a=[0 0 .032 -.032); 
b=[.032 -.032]; % radians; 


Io=GausIntens(Del,l,e,a,b,t,tau,phi,input,w 1 ,sigma,N,M); 
% Io=StepIntens(Del,|,e,a,b,t,tau,phi,input,w1,N,M); 
% Io=PL_Intens(Dell,],e,a,b,t,tau,phi,input,w1,N,M); 


%save SagnacBias 10 15 3Ilo; %Io Step has epsilonl=1 and epsilon2=0. 
% Positive quadrant. w1=*/100, 50x50, (100x 100=65.22 hours). 
%save SagnacBias 10 23 3 I Io; % Positive quadrant. w1=*/100, 100x100, (S0x50=16.4 
hours). 
toc 


Err=I-Io; 
Bias=asin(Err./Io); 


figure(1); 

imagesc(x,y,I); axis image; 
figure(2); 

imagesc(x,y,lo); axis image; 
figure(3); 

imagesc(x,y,Err); axis image; 
figure(4); 

imagesc(x,y,Bias); axis image; 


function | = GausIntens(Del,|,e,a,b,t,tau,phi,input,w 1 ,sigma,N,M) 
% This is for Gaussian Function g. 


% N=60; 

% M=60; 

% Del=[vector of length 7; index of refraction differences; "Deltas"; 
% e.g. Del_1 = (n_2 -n_1). 

% |=[wavegide lenghts 1-9]=ones(1,9); 

% e=[polarization extinction epsilons 1-2}]=0.01*[1 1]; 

% a—[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1); 
% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1); 

% t=magnitud of entries in the coil matrix, t=[1 1 1 1]; 

% tau=[phase shifts due to coil T, 1-4]=[1 1 1 1]; 

% phi=Sagnac phase 

% input = a 2-column vector=[1 1]'; 
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c=3.e+8; Yom/sec 
input=input/sqrt(input(1)*2+input(2)2); 


phase=zeros(22,1); 
for 1=1:7 

phase(2*i)=Del(i)*1(1)/c; 
end 
phase(15)=tau(1)/( sigma/sqrt(8) ); 
phase(16)=tau(2)/( sigma/sqrt(8) ); 
phase(17)=tau(3)/( sigma/sqrt(8) ); 
phase(18)=tau(4)/( sigma/sqrt(8) ); 


phase(19)=phase(5); % 0 
phase(20)=phase(6); % Del(3)*1(8)/c; 
phase(21)=phase(1); % 0 
phase(22)=phase(2); % Del(1)*1(9)/c; 


phase=( sigma/sqrt(8) )*phase; % (sigma/sqrt(8))*phase is only for Gaussian g. 
% Phases 8 and 14 will vary. 

A1=0; % or pi/2 ( 0 or 90 degrees). 

A2=0; % or pi/2 ( 0 or 90 degrees). 


cl=cos(a(1)); 
s1=sin(a(1)); 


c2=cos(a(2)); 
s2=sin(a(2)); 


c3=cos(A1+a(3)); 
s3=sin(A1+a(3)); 


c4=cos(pi/4+b(1)); 
s4=sin(pi/4+b(1)); 


c5=cos(pi/4+b(2)); 
s5=sin(pi/4+b(2)); 


c6=cos(A2+a(4)); 
s6=sin(A2+a(4)); 


C11=Coefl1_arr(s1,s2,s3,s4,s5,s6,cl,c2,c3,c4,c5,c6,e(1),e(2),t); 
C12=Coef12_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C21=Coef21_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C22=Coef22_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 


C1111=C11*C11'; 
C2222=C22*C22'; 
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C1212=C12*C12'; 
C2121=C21*C21;; 
C1221=Ci2*C2)'; 
C1112=C11*C12'; 
ClI2Z1=Cl1*C21'; 
C2122=C21*C22'; 
C2212=C22*C12'; 


L11=Ph_arrCol 1’; 
L12=Ph_arrCol2'; 
L21=Ph_arrCo21'; 
L22=Ph_arrCo22'; 


Err=zeros(N,M); 
Rel_En=Err; 
I=Err; 


alal=input(1)*2; 

a2a2=input(2)*2; 

cosphi2=2*cos(phi); 

cosphi_2=2+2*cos(phi); 
alalcosphi_2=alal*cosphi_ 2; 
a2a2cosphi_2=a2a2*cosphi 2; 
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2; 


increm_ i=1/(N-1); 
increm_j=1/(M-1); 


for i=1:N 
for j=1:M 
r=(i-1)*increm_ 1; %0<=r<1. 
s=(j-1)*increm_j; %0<=s< 1. 


phase(8)=( ( sigma/sqrt(8) )/c )*1(4)*Del(4)*(2*r-1); % To go from -1(4) to 1(4). 
phase(14)=( ( sigma/sqrt(8) )/c )*1(7)*Del(7)*(2*s-1); % To go from -1(7) to 1(7). 


Yphase(8)= ( ( sigma/sqrt(8) )/c )*(1(4)/2)*Del(4)*(1+1); % To go from 1(4)/2 to 1(4). 
%phase(14)= ( ( sigma/sqrt(8) )/c )*(1(7)/2)*Del(7)*(1+s); % To go from 1(7)/2 to 1(7). 


Phase _M=phase*ones(1,256); 
B11=sum(Phase_ M(L11)); 
B12=sum(Phase_ M(L12)); 
B21=sum(Phase_M(L21)); 
B22=sum(Phase M(L22)); 


Pl=alalcosphi_2*... 
sum(sum(C1111.*exp(-(B1 1'*ones(1,256)-ones(256,1)*B11).%2))); 
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P2=a2a2cosphi_ 2%... 
sum(sum(C2222.*exp(-(B22'*ones(1,256)-ones(256,1)*B22).%2))); 
P3=sum(sum(C1212.*exp(-(B12'*ones(1,256)-ones(256,1)*B12).*2))); 
P4=sum(sum(C2121.*exp(-(B21'*ones(1,256)-ones(256, 1 )*B21).%2))); 
P5=cosphi2*... 
sum(sum(C1221.*exp(-(B12'*ones(1,256)-ones(256,1)*B21).%2))); 
P6=ala2cosphi 2%... 
sum(sum(C1112.*exp(-(B11'*ones(1,256)-ones(256,1)*B12).%2))); 
P7=ala2cosphi 2*... 
sum(sum(C1121.*exp(-(B11'*ones(1,256)-ones(256,1)*B21).%2))); 
P8=ala2cosphi 2%... 
sum(sum(C2122.*exp(-(B21'*ones(1,256)-ones(256,1)*B22).%2))); 
P9=ala2cosphi 2*... 
sum(sum(C2212.*exp(-(B22"*ones(1,256)-ones(256,1)*B12).%2))); 


I(i,j =P 1+P2+P3+P4+P5+P6+P7+P8+P9; 


end 
end 


I=( sqrt(2*pi)/sigma )*1; 


function I = StepIntens(Del,1,e,a,b,t,tau,phi,input,w1,N,M) 
% This is for a Step Function g. 


% N=60; 

% M=60; 

% Del=[vector of length 7; index of refraction differences; "Deltas"]; 
% e.g. Del_1 =(n_2-n_1). 

% |=[wavegide lenghts 1-9]=ones(1,9); 

% e=[polarization extinction epsilons 1 and 2]=0.001*[1 1]; 

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1); 
% t=magnitud of entries in the coil matrix, t=[1 1 1 1]; 

% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1]; 

% tau=[phase shifts due to coil, 1-4]=[1 1 1 1]; 

% phi=Sagnac phase 

% input = a 2-column unit vector=[cos sin]'; 


c=3.e+8; % m/sec 
input=input/sqrt(input(1)*2+input(2)*2); 


phase=zeros(22, 1); 
for 1=1:7 
phase(2*i)=( wl/c )*Del(i)*1(i); % w1*phase is only for Step Function g. 
end 
phase(15)=tau(1); 
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phase(16)=tau(2); 
phase(17)=tau(3); 
phase(18)=tau(4); 


phase(19)=phase(5); % 0 
phase(20)=phase(6); % ( wl/c )*Del(3)*1(8); 
phase(21)=phase(1); % 0 
phase(22)=phase(2); % ( wl/c )*Del(1)*1(9); 


% phases 8 and 14 will vary. 


A1=0; % or pi/2 ( 0 or 90 degrees). 
A2=0; % or pi/2 ( 0 or 90 degrees). 


cl=cos(a(1)); 
sl=sin(a(1)); 


c2=cos(a(2)); 
s2=sin(a(2)); 


c3=cos(A1+a(3)); 
s3=sin(A1+a(3)); 


c4=cos(pi/4+b(1)); 
s4=sin(pi/4+b(1)); 


c5=cos(pi/4+b(2)); 
s5=sin(pi/4+b(2)); 


c6=cos(A2+a(4)); 
s6=sin(A2+a(4)); 


C11=Coefl1_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C12=Coef12_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C21=Coef21_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C22=Coef22_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 


C1111=C11*C11'; 
C2222=C22*C22'; 
CI212-Ci2*Cl2; 
C2121=C21*C21'; 
C1221=C12*C21'; 
C1112=C11*C12'; 
C1121=C11°C27;; 
C2122=C21*C22'; 
C22 12-C22°C 12; 


L11=Ph_arrCol1’; 
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L12=Ph_arrCol2'; 
L21=Ph_arrCo21'; 
L22=Ph_arrCo22'; 


Err=zeros(N,M); 
Rel_ Err=Err; 
J=Err; 


alal=input(1)%2; 

a2a2=input(2)”2; 

cosphi2=2*cos(phi); 

cosphi_2=2+2*cos(phi); 
alalcosphi_2=alal*cosphi_2; 
a2a2cosphi_2=a2a2*cosphi 2; 
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2; 


increm_ 1=1/(N-1); 
increm_j=1/(M-1); 


for i=1:N 
for j=1:M 
r=(i-1)*increm_1; %0Q<=r<1. 
s=(j-1)*increm_j; %0<=s<= 1. 


Y%phase(8)=w1*1(4)*(2*r-1)*Del(4)/c; % To go from -I(4) to 1(4). 
%phase(14)=w1*1(7)*(2*s-1)*Del(7)/c;  % To go from -1(7) to 1(7). 


%phase(8)=w1*1(4)*(r-1)*Del(4)/c;  % To go from -1(4) to 0. 
%phase(14)=w1*1(7)*(s-1)*Del(7)/c; % To go from -1(7) to 0. 


phase(8)=(w 1/c)*Del(4)*1(4)*r; % To go from 0 to 1(4). 
phase(14)=(w1/c)*Del(7)*1(7)*s; % To go from 0 to 1(7). 


%phase(8)= (1(4)/2)*(1+1r)*Del(4)/c;  % To go from 1(4)/2 to 1(4). 
%phase(14)= (1(7)/2)*(1+s)*Del(7)/c; % To go from 1(7)/2 to 1(7). 


Phase_M=phase*ones(1,256); 
B11=sum(Phase M(L11)); 
B12=sum(Phase_M(L12)); 
B21=sum(Phase M(L21)); 
B22=sum(Phase M(L22)); 
%BA=sum(Phase M(LA)); 


B11_11=B11'*ones(1,256)-ones(256,1)*B11; 
Pl=alalcosphi_2*StpSuvij(C1111,B11_ 11); 


B22 22=B22'*ones(1,256)-ones(256,1)*B22; 
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P2=a2a2cosphi_2*StpSuvij(C2222,B22 22); 


B12_12=B12'*ones(1,256)-ones(256,1)*B12; 
P3=StpSuvij(C1212,B12_ 12); 


B21 21=B21'*ones(1,256)-ones(256,1)*B21; 
P4=StpSuvij(C2121,B21 21); 


B12_21=B12"*ones(1,256)-ones(256,1)*B21; 
P5=cosphi2*StpSuvij(C1221,B12_ 21); 


B11_12=B11'*ones(1,256)-ones(256,1)*B12; 
P6=ala2cosphi_2*StpSuvij(C1112,B11_ 12); 


Bl11_21=B11'*ones(1,256)-ones(256,1)*B21; 
P7=ala2cosphi_2*StpSuvij(C1121,B11_ 21); 


B21 _22=B21'*ones(1,256)-ones(256,1)*B22; 
P8=ala2cosphi_2*StpSuvij(C2122,B21_ 22); 


B22_12=B22'*ones(1,256)-ones(256,1)*B12; 
P9=ala2cosphi_2*StpSuvij(C2212,B22 12); 


%sum(sum(Cij *Cuv'.*exp(-(Bij *ones(1,256)-ones(256,1)*Buv').*2))); 
I(i,j =P 1+P2+P3+P4+P5+P6+P7+P8+P9; 


end 
end 


I=(pi/(2*w1))*1; 


function SS = StpSuvij(Cijuv,Buv_ij) 
% Buv_ij may be Buv-Bij or Buv+Bij. Buv_ij has been multiplied by w1 already. 
SS=0; 
[x,y]=find(Buv_ij = 0); 
for s=1:size(x) 
SS=SS+Cijuv(x(s),y(s)); 
end 
[ij ]=find(Buv_1j); 


for s=1:size(1) 
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SS=SS+Cyuv(i(s),j(s))*( sin( Buv_1j(i(s),j(s))) / Buv_ij(i(s),j(s)) ); 
end 


function I=PL_Intens(Del,|,e,a,b,t,tau,phi,input,w1,N,M) 
% This is for Triangular Function g. 


%N=60; 
%M=60; 


% Del=[vector of length 7; index of refraction differences; "Deltas"); 
% e.g. Del_1 =(n_2-n_1). 

% |=[wavegide lenghts 1-9]=ones(1,9); 

% e=[polarization extinction epsilons 1-2]=0.01*[1 1]; 

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1); 
% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1]; 

% t=magnitud of entries in the coil matrix, t=[1 1 1 1]; 

% tau=[phase shifts due to coil T, 1-4]=[1 1 1 1]; 

% phi=Sagnac phase 

% input = a 2-column vector=[1 1]'; 


c—3.e+8; %m/sec 
input=input/sqrt(input(1)*2+input(2)*2); 


phase=zeros(22, 1); 
for 1=1:7 
phase(2*1)=Del(i)*1(1)/c; 
end 
phase(15)=tau(1)/w1; % tau/w1 is only for PL function g. 
phase(16)=tau(2)/w1; 
phase(17)=tau(3)/w1; 
phase(18)=tau(4)/w1; 


phase(19)=phase(5); % 0 
phase(20)=phase(6); % Del(3)*1(8)/c; 
phase(21)=phase(1); % 0 
phase(22)=phase(2); % Del(1)*1(9)/c; 
% phases 8 and 14 will vary. 


A1=0; % or pi/2 ( 0 or 90 degrees). 
A2=0; % or pi/2 ( 0 or 90 degrees). 


cl=cos(a(1)); 
sl=sin(a(1)); 


c2=cos(a(2)); 
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s2=sin(a(2)); 


c3=cos(A1+a(3)); 
s3=sin(A 1+a(3)); 


c4=cos(pi/4+b(1)); 
s4=sin(pi/4+b(1)); 


c5=cos(pi/4+b(2)); 
s5=sin(p1/4+b(2)); 


c6=cos(A2+a(4)); 
s6=sin(A2+a(4)); 


C11=Coefl11_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C12=Coef12_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C21=Coef21_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t); 
C22=Coef22_arr(sl,s2,s3,s4,s5,s6,cl,c2,c3,c4,c5,c6,e(1),e(2),t); 


C1lilI=Cliscitl; 
C2222=C22*C22'; 
C1212=C12*C12'; 
C2121=C21*C21'; 
C1221=C12*C21'; 
C1112=Cl11*Cl2; 
C1121=C11*C21'; 
C2122=C21*C22'; 
C2212=C22*C12'; 


L11=Ph_arrCol1'; 
L12=Ph_arrCo12'; 
L21=Ph_arrCo21'; 
L22=Ph_arrCo22'; 


Err=zeros(N,M); 
Rel_ Enr=Err; 
I=Err; 


alal=input(1)*2; 

a2a2=input(2)*2; 

cosphi2=2*cos(phi); 

cosphi_2=2+2*cos(phi); 
alalcosphi_2=alal*cosphi_2; 
a2a2cosphi_2=a2a2*cosphi_2; 
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2; 


increm_ i=1/(N-1); 
increm_j=1/(M-1); 
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for 1=1:N 
for j=1:M 
r(i-1)*increm_i; %0<=r<—1. 
s=(j-1)*increm_ j; %0<=s< 1. 


phase(8)=1(4)*(2*r-1)*Del(4)/c;  % To go from -1(4) to 1(4). 
phase(14)=1(7)*(2*s-1)*Del(7)/c;_ % To go from -l(7) to 1(7). 


Yophase(8)= (1(4)/2)*(1+1)*Del(4)/c; % To go from 1(4)/2 to 1(4). 
Yphase(14)= (1(7)/2)*(1+s)*Del(7)/c; % To go from 1(7)/2 to 1(7). 


Phase_M=phase*ones(1,256); 


B11=sum(Phase_M(L11)); 
B12=sum(Phase M(L12)); 
B21=sum(Phase M(L21)); 
B22=sum(Phase_M(L22)); 


B11_11=B11'*ones(1,256)-ones(256,1)*B11; 
wB11_11=wl*B11_11; 
Pl=alalcosphi 2*PL Suvij(w1,C1111,B11_11,wB11_11); 


B22_22=B22'*ones(1,256)-ones(256,1)*B22; 
wB22 22=w1*B22 22: 
P2=a2a2cosphi_2*PL_Suvij(w1,C2222,B22_22,wB22_22); 


B12_12=B12"*ones(1,256)-ones(256,1)*B12; 
wB12_12=w1*B12_12; 
P3=PL_Suvij(wl,C1212,B12_12,wB12_ 12); 


B21 21=B21'*ones(1,256)-ones(256,1)*B21; 
wB21_21=w1*B21_ 21; 
P4=PL_Suvij(w1,C2121,B21_21,wB21_ 21); 


B12_21=B12"*ones(1,256)-ones(256,1)*B21; 
wB12_21=wl1*Bl12_ 21; 
P5=cosphi2*PL Suvij(w1,C1221,B12_21,wB12_21); 


B11_12=B11'*ones(1,256)-ones(256,1)*B12; 
wB11_12=wl*B11_ 12; 

P6=ala2cosphi 2*PL Suvij(w1,C1112,B11_12,wBl11_ 12); 
B11_21=B11'*ones(1,256)-ones(256,1)*B21; 
wB11_21=wl*Bl11_ 21; 

P7=ala2cosphi 2*PL Suvij(w1,C1121,B11_ 21,wBll1_ 21); 


B21_22=B21'*ones(1,256)-ones(256,1)*B22; 
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wB21_22=w1*B21 22; 
P8=ala2cosphi_2*PL_Suvij(w1,C2122,B21_22,wB21_ 22); 


B22_12=B22'*ones(1,256)-ones(256,1)*B12; 
wB22_12=w1*B22_ 12; 
P9=ala2cosphi 2*PL Suvij(w1,C2212,B22 12,wB22 12); 
I(ij)=P 1+P2+P3+P4+P5+P6+P7+P8+P9; 


end 
end 


I=2*pi*I/w12; 


function SS = PL_Suvij(w1,Cijuv,Buv_ij,wBuv_ij) 


wl_x23=2*(wl/3); 
wl 4=-4/wl; 
SS=0; 


[x,y]=find(Buv_1j = 0); 

for s=1:size(x) 
SS=SS+w1_x23*Cijuv(x(s),y(s)); 

end 

[i,j ]=find(Buv_ ij); 

for s=1:size(i) 


SS=SS+w1_4*(Cijuv(i(s),j(s))/Buv_ij(i(s),j(s))*2)*... 


(1-sin(wBuv_1j(i(s),j(s)))/(wBuv_1j(i(s),j(s)))); 
end 
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